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MATERIALS 


ethos aOR aa E ade SS. 
CLASSIFICATION OF ENGINEERING MATERIALS 
1 EO OP SE A a ad TE EAL ELE IIE. I EOE EOE EEA: 

Q.1. What are engineering materials ? 

Ans. Engineering materials are the stuff, of which something is made. In 
every sphere of human activity, engineering materials are used in one form or 
the other. They constitute the backbone of the modern civilization. Engineering 
materials comprises a wide range of metals and non-metals. which can be 
operated upon to form an end product. 

All materials available cannot be considered as engineering materials. An 
engineering material should possesss following characteristics — 

(i) It should be able to get shaped (e.g., cast, forged, formed, machined, 
sintered etc.) and joined easily with other materials (e.g., welded, brazed, etc.). 

(ii) It should have adequate dimensional stability, corrosion resistance, 
strength, toughness, hardness, heat resistance, low electrical resistance, high 
fatigue resistance, etc. 

(iii) Material selected should provide goods at lower cost to procure 
higher profy with all required qualities present in it. 


- Give a brief classification of engineering materials. 
(R.G.P.V., Dec. 2016) 


Or 


Give the broad classification of engineering materials. 
(R.G.P.V., Dec. 2012) 


Ans. The engineering materials may be broadly classified into following 
three categories — 


(1) Metals 
(iii) Materials due to combination. 


(ii) Non-metals 


(i) Metals - Metals are elemental substances capable of changing 


their shape permanently. They are composed of ele give 
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QA. Compare properties of ferrous and non-ferrous metals. 


Ans. All the metals used in engineering work can be classified as ferrous 


non-ferrous metals. 


ceramics and polymers or any other | 
mbination. Instead of metals, alloys may also be used to make composites. | 
ituent may be in | 


(R.G.P.V., Dec. 2015) | 
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A comparison of properties of ferrous and non-ferrous metals | 
Non-ferrous Mie 


Lower melting point 
Relatively low density 


Higher melting point- 


Higher density 
Relatively heavy ' Light in weight 
Higher strength Lower strength 

Shrinkage is generally more 


Shrinkage is less, ~ 
Cold working is difficult 


Less soft 
Susceptible to corrosion 
Highly magnetic due to iron content 


Economical to use. 


Cold working is easy 
Softness is more 

High resistance to corrosion 
Anti-magnetic 

More costly. 


(R.G.P.V., Dec. 2016) 


Ans. The cast iron is obtained by melting pig iron with coke and limestone 
in a furnace. It is an alloy of iron and carbon. It contains about 2 to 4% of 
carbon. It also contains small amounts of silicon, manganese, sulphur and 
phosphorus. Carbon in cast iron usually exists in two forms — 

(i) Free carbon or graphite (ii) Combined carbon or cementite. 
. Since the cast iron is brittle, therefore, it cannot be used in those parts 
which are subjected to shocks. The properties of cast iron which makes it an 
important material for engineering purposes are — 
(i) High compressive strength (ii) Good casting characteristics 
(iv) Excellent machinability. . 


Po Wear resistance 
5. What is cast iron ? State its composition. (R.G.P.V., June 2016) 


Ans. For cast iron, refer Q.4. 
Practically speaking there can be a number of types of cast iron, however 


important of them are — 
(i) Grey cast iron (ii) White cast iron 
(iii) Malleable cast iron (iv) Nodular cast iron. 
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Ans. Grey cast iron i 
solidify slowly. On solidifying. the iron co 
in the form of graphite flakes. The grey 
carbon is present in the form of free grap 

Composition - Refer Q.5. E 

Applications — Some specific applications 

(i) Gas or water pipes for undergr 
(ii) Machine tool structures 

(iii) Manhole covers 

(iv) Piston rings 

(v) Ingot moulds l 
(vi) pale mill and general machinery parts 
(vii) House hold appliances 

(viii)Frames of electric motors 

(ix) Sanitary wares, etc. 


Q.7. Describe composition of grey cast iron and z T We ’ 
ati V., Jun 
applications in engineering field. (R.G.PV., Ju 


Ans. For composition and applications of grey cast iron, refer Q.5 and Q.6. 


Properties of Grey Cast Iron - Various properties of the grey cast iron ' 

are given as follows — 

(i) It has a low tensile strength. 

(ii) It possesses machinability better than steel. 

(ili) It has high resistance to wear. 

(iv) It possesses high vibration damping capacity. 

(v) It can be readily cast into desired shape. 

(vi) Grey cast iron possesses lowest melting point of the ferrous alloys. 
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ound purposes 
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(vil) Grey cast Iron possesses high fluidity and hene it can be cas 
into complex shapes and thin sections 

(viii)Grey cast iron possesses excellent casting qualities for producing 
simple and complex shapes. - 

0.8. What is white cast iron ? Give its properties and uses. 

Ans. White cast iron is obtained by the presence of relatively large quantities 
of manganese, a very small amount of silicon and by rapid cooling. White cast 
iron contains carbon exclusively in the form of cementite. 

Properties of White Cast Iron - 

(i) White cast iron possesses excellent abrasive wear resistance. 

(ii) It is very hard (the hardness ranges from 400 to 600 BHN). 

(iii) White cast iron delivers its name from the fact that its freshly 
broken surface shows a bright white fracture. 

(iv) White cast iron under normal circumstances is brittle and not 
machinable. 


(v) The solidification range of white cast iron is 2550-2065°F. 


Uses of White Cast Iron - 
(i) It is widely used in manufacture of wrought iron. 
(ii) For producing malleable iron castings. 


(iii) For manufacturing those components which require a hard and 
abrasion resistant materials. 


Q.9. Give uses of malleable cast iron and nodular cast iron. 

Ans. Uses of Malleable Cast Iron - 
(i) Gear case (i) Conveyor chain links 

(iii) Rail road (iv) Universal joint yoke 

(v) Automotive crankshaft (vi) Crankshaft sprocket 

(vil) Truck tandem axle assembly parts 

(viii) Electrical line hardware. 


Uses of Nodular Cast Iron - 


(i) Paper industries machinery (ii) Construction machinery 
(iii) Pumps and compressors (iv) Internal combustion engines 


(v) Earth moving machinery (vi) Farm equipments and tractors 
(vii) Valves and fittings 


(viii) Power transmission equipments 


(ix) Steel mill rolls and mill equipments 
(x) Pipes. 


eto What is cast iron ? What are different types of cast iron ? Discuss 
t ĉir properties. (R.G.P.V., Dec. 2011) 
Ans. Cast Iron — Refer Q.4. 
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(f) It has low to moderate cost. 


(iv) Nodular Cast Iron - l 

(a) Ductile or nodular cast iron possess 

(b) It possesses excellent castability a 

(c) The properties of nodular cast iron 

composition and the cooling rate. | ae 
(d) It possesses damping capacily inte 


es very good machinability. 
nd wear resistance. 
depend upon the metal 


diate between cast 


iron and steel. 


Q.11. Discuss the effect of alloying elements on 
iron. 


the properties of cast 

(R.G.P.V., June 2011) 
: the behaviour of 
li ; on the ben 

Discuss the effect of carbon, silicon, aaa eo 


cast iron. | 

Ans. Carbon — Cast iron contains about 2-4% of cannon, oS 
upon the form of carbon available properties of cast iron varies. Carbon im 
cast iron usually exists in two forms — 

(i) Free carbon or graphite 
(ii) Combined carbon or cementite. 

When iron contains carbon in the graphite form, it is Known as grey cast 
iron. It is easily machinable as free graphite in cast iron acts as a lubricant. 
Grey cast iron is soft and brittle and may be easily broken under impact load. 

In the absence of silicon (or its presence in very little quantity) most of 
the carbon in cast iron is in the chemically combined form and the iron 1s 
called white iron. It is hard and brittle. It cannot be forged or welded. It has 

low tensile strength and shrinks on cooling. 


Materials g 
Silicon - Percentage of silicon present in pig iron vari 
3.0%. Source of silicon in iron is from its presence in any of th 
It tends to make cast iron softer when present in small proportions and makes 
the iron free from defects like blow holes and oxides. In higher proportions it 
make cast iron brittle and hard and also renders it resistance to acids also. The 
most pronounced effect of presence of silicon in small proportions is 
precipitation of free carbon which is responsible for the softness of cast iron. 


es from 0.5 to 
e raw materials. 


Phosphorus - The percentage of phosphorus present in pig iron varies 
from 0.03 to 2.0%. It combines with iron to form Fe,P which embrittles cast 
iron. It lowers the melting point of cast iron and is, therefore, helpful in making 
thin castings. In larger proportions, its effect is that of retaining carbon in the 
combined form whereas in smaller proportions, it facilitates precipitation of 
carbon in the form of graphite. Phosphorus, when present in pig iron, increases 
the fluidity of molten iron and thus helps in filling the moulds in a better way. 


Sulphur - It tends to convert free carbon into combined carbon in the 
cast iron, which is just the reverse of effect of silicon. As such, higher the 
proportion of sulphur lesser is the amount of free carbon in cast iron and 
hence stronger and more brittle is the cast iron. It also accelerates the rate of 
solidification and promotes the development of sand holes and blow holes. Its 
percentage is preferably kept below 0.5%. 


Q.12. Give the composition, properties and uses of wrought iron. 
(R.G.P.V., June 2010) 


Ans. Composition — Wrought iron is the purest form of iron. It contains 


less than 0.1% carbon. It is a ferrous material and more corrosion resistant 
than steel. 


Wrought iron produced by puddling process contains carbon content 
less than 0.03%, silicon is about 13%, sulphur is less than 0.02%, phosphorus 
is about 0.18%, and manganese is less than 0.1%. The wrought iron contains 
3% of slag particles distributed in an iron matrix. This slag consists of oxides 
and silicates of calcium, magnesium, manganese and iron. During rolling the 
slag particles get elongated in the direction of rolling. 


Properties of Wrought Iron - Wrought iron is the purest iron which 
contains at least 99.5% iron. It contains a large number of minute threads of 
slag lying parallel to each other, thereby giving a fibrous appearance when 
fractured. Due to its fibrous structure it gives a prior warning before fracture 
which makes it most suitable for fatigue loading. The wrought iron is a tough, 
malleable and ductile material. It cannot withstand sudden and excessive shocks. 
It can be easily worked and welded at temperature close to its melting point. 
When cold it is ductile and has good forming qualities. It contains practically 
no carbon and thus does not get hardened when quenched in water. Its corrosion 
resistance is even more than the mild steel due to the presence of slags. It can 
take and hold any protective metal and paint coating. 
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0.13. Define steel. 

Ans. Steel is an alloy of iro 
1.5%. The carbon is distri 
(chemical combination) with iron. If the carbor 
soon arrives when no more carbon can be obtainec 
any excess must be present as free carbon (graphite). A 
merges into the group known as cast iron. Therefore, ae 
classed as steel there must be no free carbon in its composition. ae 
for example, silicon, sulphur, phosphorus and manganese are <i p 

greater or lesser amount tO impart certain desired properties to it. 

According to IS : 7598-1974 steels shall be classified as follows — 


(i) Unalloyed or plain carbon steels 


f° Alloy steels. 
hu What is carbon steel ? 


upto 


(R.G.PV, Dec. 2016) 


~ Ans. Carbon steel or also known as plain carbon steel is an alloy of carbon ` 


and iron with varying quantities of phosphorus and sulphur. It is defined as a 
steel which has its properties mainly due to its carbon content and does not 


contain more than 0.5% of silicon and 1.5% of manganese. 
a Give the classification of carbon steel. (R.G.F.V., June 2014) 
~ Ans. Carbon steels are alloy of pure iron and carbon. Depending upon the 
percentage of carbon, they can be classified as — 
(i) Low carbon (or mild) steel — 0.05-0.3% C 


(a) Dead mild steel — 0.05-0.15% C 
(b) Mild steel - 0.15-0.2% C 
(c) Mild steel — 0.2-0.3% C 


(ii) Medium carbon steel 03-06% C Materiais 11 
(iii) High carbon steel 0.6-1.5% ¢ 
A special type of high carbon steel containing 0.9-1.5% © is 
tool steel, used for making tools of various machines: 


known as 


0.16. Give the composition, properties and uses of mild steel. 

Ans. Composition of Mild Steel — Refer Q.15 section (i). 

Properties of Mild Steel — Various properties of mild steel are given as 
follows — 

(i) It can be easily forged and welded. 

(ii) It can be magnetized permanently. 

(iii) It has fibrous structure. 

(iv) It cannot be hardened and tempered easily. 

(v) It cannot be easily affected by hard water. 

(vi) It is ductile and malleable. 

(vii) It rusts readily. 

(viii)Its ultimate compressive strength is about 80 to 120 kN/cm?. 

(ix) Its specific gravity is 7.80. i 

(x) It is tougher and more elastic than wrought iron. 

(xi) Its ultimate tensile and shear strengths are about 60 to 80 kN/cm?. 

(xii) Its melting point is about 1390°C. 

Uses of Mild Steel — The uses of mild steel are as follows — 

(i) Mild steel containing 0.05 to 0.15% carbon is used for making 
stampings, wires, rivets, sheets, screws, pipes, thin plates, automobile body, 
nails and chain. l 

(it) Mild steel containing 0.15 to 0.20% carbon has a tensile strength 
of 420 MPa, is used for making camshafts, sheets and strips for fan blades, 
universal beams, welded tubing, forgings, drag lines, etc. 

(iii) Mild steel containing 0.20 to 0.30% carbon has a tensile strength 
n oe i a a a as BHN. It is used for making gears, valves, 

, , railway axles, fish plates, small forgings, etc. 


Q.17. Discuss in brief medium carbon steel. 


Ans. Medium carbon steel contains carbon from 0.3 to 0.60%. 

Steel containing 0.3-0.45% carbon has tensile strength of 750 N/mm2. 
oo kin Sarao and good deep hardening properties. They are 
used lor making axles, heavy duty shafts, connecti ils ine di 
ee ing rods, rails, turbine discs, 

Steel containing 0.45-0.55% carbon has tensile strength of 1000 N/mm? 
Pa are used for manufacturing parts which have to be subjected to shock and 

eavy reversal of stress, such as railway coach axles, large size forgings such 
as crank shafts, gear axles, spline shafts, etc. 
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i) Its ultimate tensile strength i! a 
yA Its ultimate shear strength is about 110 KN/cm w "E 
(iii) Its ultimate compressive strength is about 140 to 
(iv) Its specific gravity is 7.90. 
(v) It can be easily tempered and hardened. 

(vi) It can be magnetized permanently. 

(vii) It can be easily forged and welded. 

(viii) It rusts easily and rapidly. | 

(ix) It is tougher and more elastic than mild steel. 
(x) It has granular structure. 

(xi) It cannot be easily affected by salt water. 


Uses - Uses of high carbon steel are given as follows — | 
(i) Steels containing 0.6 to 0.8% carbon are used for making cold 


chisels,wrenches, automatic clutch discs, etc. | 
(ii) Steels containing 0.8 to 0.9% carbon are used for making rock 
drills, punches, dies, railway rails, circular saws, machine chisels, etc. 
(iii) Steels containing 0.9 to 1.0 % carbon are used for making 


springs, keys, pins, etc. 


(iv) Steels containing 1.0 to 1.1% carbon are used for making machine - 


tools, mandrels, taps, etc. 
(v) Steels containing 1.1 to 1.5% carbon are used for making twist 
drills, taps, thread metal dies, knives, etc. 


0.19. Write down composition of carbon steel and enlist mechanical 
properties. (R.G.P.V., June 2015) 


Ans. Refer Q.15, Q.16, Q.17 and Q.18. 


Materials 13 


IRON-CARBON DIAGRAM 


Q.20. What do you mean by iron-carbon equilibrium di s 
its limitations. tagram ? Give 

Ans. An equilibrium or phase or constitutional diagram is a graphic 
representation of the effects of temperature and composition upon the ae 
present in an alloy. Such a diagram for iron-carbon alloys showing variation of 
carbon content with the temperature is called iron-carbon equilibrium diagram. 
Since any iron-carbon alloy in the molten state may be considered as a solution 
of iron carbide (Fe3C) in iron, therefore an iron-carbon equilibrium diagram 
can also be called as iron-iron carbide equilibrium diagram. 


Limitations of Iron-carbon Equilibrium Diagram - Iron-carbon 
diagram has the following limitations — 


(i) This diagram does not show time as a variable. It shows only 
the phases and the resulting microstructures corresponding to equilibrium 
conditions. 


(ii) It cannot show the effects of various cooling rates upon the 
structure of various grades of steel. 


(iii) Iron-carbon equilibrium diagram is of only limited use in the 
study of steel cooled under non-equilibrium conditions. 


Qé@1. Sketch the iron-carbon equilibrium diagram and point out its 


salient features. Or (R.G.P.V., Dec. 2015) 
Discuss the iron-carbon diagram and various allotropies of steel. 
Or (R.G.P.V., Dec. 2011) 


Draw a neat sketch of iron-carbon equilibrium diagram and explain 
various reactions involved. (R.G.P.V., Dec. 2010) 


Or 

Explain the steel and iron-carbon diagram. (R.G.P.V., June 2014) 
Or 

Explain the iron-carbon diagram. (R.G.P.V., Dec. 2014) 
Or 


Draw an iron-carbon diagram for steel. (R.G.P.V., June 2016) 


Ans. Fig. 1.1 shows an iron-carbon equilibrium diagram since any iron 
carbon alloy in the molten state may be considered as a solution of iron carbide 


Fe3C in iron. Therefore, it is also called as iron-iron carbide equilibrium 
diagram. 
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Fig. 1.1 Iron-carbon Equilibrium Diagram 


An equilibrium phase or constitutional diagram is a graphic representation of 
the effects of temperature and composition upon the phase present in an alloy. 

An equilibrium diagram is constructed by plotting temperature along y-axis 
and percentage composition of the alloy along the x-axis. This diagram shows 
ranges of temperatures and compositions within which the various phase changes 
are stable and also the boundaries at which the phase changes occur. 


Iron-carbon equilibrium diagram indicates the phase changes that occur 
during heating and cooling and the nature and amount of structural components 
that exist at any temperature. Besides, it establishes a correlation between the 
microstructure and properties of steel and cast irons and provides a basis for 
the understanding of the principles of heat treatment. 
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Fig. 1.2 


Consider an alloy with 0.3% carbon is cooled from a temperature above 
the line GS, in fig. 1.2. Nothing will happen till 800°C, at this temperature g-iron 
in austenite begins to transform into &-iron. Ferrite crystals will form and 
amount of austenite will increase along line GS. Ac, and Ar, represent the 
critical points in heating and cooling on line GS. At temperature 723°C 
corresponds to point S (eutectoid point) austenite decomposes and form pearlite 
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(eutectoid mixture of ferrite and cementite). Pearlite consists alternating layers 
f cementite and ferrite. Temperature at which pearlite is formed designated 
k A.. online PSK and temperature at which pearlite transforms into austenite 
f 
a heating is designated as Ac- Saa | 
Steels containing exactly 0.8% carbon will exhibit no change until the eutectoid 
int S is reached. The further cooling will cause complete transformation of the 


e into pearlite. Steel containing more than 0.8% carbon when 


eutectoid austenit : 
cooled to curve SE (known as Acm line) their austenite decomposes and ps 
carbon precipitates as cementite. As cementite is rich in carbon (contains 6.67% 


ill cause decrease in carbon content of austenite. When 


on), its separation W 1c ; 
ete temperature (723°C) is reached, remaining austenite (having 0.8% carbon) 


lite at this constant temperature. 


will transform into pear | 
Q.22. Explain the following reactions in relation to iron-carbon 


‘librium diagram — oo s 
~ (i) Eutectic reaction (ii) Eutectoid reaction (iii) Peritectic reaction. 
(R.G.P.V., Dec. 2012, 2015) 


Ans. (i) Eutectic Reaction - The eutectic reaction takes place at 1130°C 
and its equation may be written as 
Cooling 
Liquid <—— Austenite + Cementite 


Heating a 
© Eutectic mixture 


(Ledeburite) 

Eutectic point is at 4.3% carbon. Eutectic mixture is not usually seen in 

the microstructure, because austenite is not stable at room temperature and 
must undergo another reaction during cooling. 

(ii) Eutectoid Reaction — In iron-carbon equilibrium diagram, the 
eutectoid reaction is represented by the horizontal line of 723°C and point S 
marks the eutectoid point. The eutectoid equation may be written as 

Cooling 
Solid ——— Ferrite + Cementite 
Heating =a 
Eutectoid mixture 

(Pearlite) 

Ea (iii) Peritectic Reaction — In iron-carbon equilibrium diagram the 
peritectic point is shown by point J. 

Peritectic reaction equation may be written as 


Cooling N 
Delta (8) + Liquid ` Austenite 
Heating 


The horizontal line at 1500°C shows the peritectic reaction. 


? Explain. 
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Q. 


may 
carbon are added in sufficient am 
Commonly used alloy elements 
molvbdenum. vanadium. phosphorus. 
cobalt and aluminium. These elements n 
according to the desired characteristics in 
confer certain qualities upon the steel to W 
Purposes of Alloying — Alloying is done for specific 
as follows — 
(i) To increas 
(ii) To improve hardness, toughn 
(iii) To improve machinability. 
(iv) To improve low or high temper 
(v) To improve case hardening properties. 
(vi) To improve cutting ability. 


Ans. An alloy steel 


nay Each of th 


the steel. 
hich it is added. l 
purposes which are 


orrosion resistance. 


e wear resistance and c i 
d tensile strength. 


ess an 


ature stability. 


Q.24. Give advantages and disadvantages of alloy steels. 


Ans. Advantages of Alloy Steel — 
(i) Greater ductility at high strength. 
(ii) Greater high temperature strength. 
(iii) Greater hardenability. 
(iv) Less grain growth. 
(v) Less distortion and cracking. 
(vi) Higher elastic ratio and endurance strength. 


Disadvantages of Alloy Steel — 
(i) High cost. 
(ii) Requires special handling. 
(iii) Temper brittleness in certain grades. 
(iv) Tendency toward austenite retention. 


5. State the effects of adding the alloying elements such as manganese 
a ngsten to steels. (R.G.P.V., June 2015) 
Or 
State the effects of adding the following alloying elements to steels — 
(i) Manganese (ii) Tungsten 
(R.G.P.V., March/April 2010) 
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Ans. (i) Manganese — 
(a) Counteracts the effect of sulphur (i.e.. brittleness) 
(b) Steel containing 11-14% manganese are resistant to wear 
arden easily and are resistant to abrasion under shock. 
(ii) Tungsten — 
(a) It increases cutting hardness and magnetic retentivity 
(b) Refines the grains. 
(c) It resists heat. 
Q.26. State the effects of adding various alloying elements on properties 
of steel. 
Ans. The effects of addition various alloying elements on properties of 
steel are given below as follows — 
(i) Boron- 
(a) It improves hardness and mechanical properties. 
(b) It also improves rolling qualities of steel. 
(ii) Copper -— 
(a) Improves atmospheric corrosion resistance. 
(b) Acts as a strengthening agent. 
(iii) Aluminium — 
(a) Used as an effective deoxidiser. 
(b) Controls grain growth. 
(c) Increases surface hardness. 
(iv) Nickel — 
(a) Increases hardness, toughness and impact strength at low 


work h 


temperature. 
(b) Improves response to heat treatment especially in large sections. 


(c) Improves elasticity, resistance to fatigue and corrosion. 
(v) Chromium — 
l (a) It forms a complex series of chromium carbides and thus 
improves the hardenability and increases resistance to abrasion and wear. 
l (b) Combination of nickel and chromium improves the 
mechanical properties of steel. 
(vi) Manganese — Refer Q.25, Section (i). 
(vii) Molybdenum — 
o Molybdenum joins with carbon and promotes hardenability. 
) Steel containing chromium and nickel suffer fr : 
- (b) l r from temper 
rittleness, = a can be overcome by adding 0.25% molybdenum. 
c) Raises tensile and creep strength at high temperatures 
(viii) Cobalt — ~ a 
(a) Improves mechanical properties ch as sile s g 
ug saengi, add kodeer properties such as tensile strength, 
(b) Improves heat resistance. 


20 Basic Mechanical Engineering 


ix) Sulphur - SENE 
Lowers the toughness and transverse ductility 
al A \ ` č , i i l _ 
‘imports brittleness to chips removed in machining oper 
d Import S! : 
er Q.28, section (tì). 
(x) Tungsten - Refer Q.25, section ( 
(xi) Silicon - 


ation, 


1) It removes oxygen in steel making. a 
\a a O : 5 uc i i ; 
(b) Increases strength without decreasing y 
(xii) Vasadium Ea 
(a) It gives strength and toughness to steel. | 
(b) It improves the hardening quality of steel. 


(c) Used for providing a fine grained structure over a Wide 
range of temperature. 


(xiii) Titanium — 


(a) Prevents Precipitation of chromium carbide. 


? Name two types of alloy steel giving their 
= ag (R.G.P.V., June 2012) | 
Ans, Alloy Stee] — Re 


Types of Alloy Steels 


(i) Manganese Steel- S 
all steels to deoxidi 


fer Q.23, 


-) Steels with 1-2% Mn, 0.2-0.55% 


C. This type of steel has a ’ 
high Strength and 


- They are used in automobile ` 
s and also in riffle barrels, l 
Mn and 0.9% C. It is a very useful non- l 
steel, used for manufacture of various machine tools. 
(c) Steels with 10-14% 


ity before heat treatment. 


deforming tool 


have no ductil 


helmets, etc. 


(ii) Nickel Steel ~ These are the most widely used nee =i ' 
Content of nickel can vary from 2.5-8.0% with carbon ranging 0.1-0. en 
Properties — (a) As nickel lowers the critical point heat treatment o 
type of steel is less severe, 


(b) It has greater tensile s 


trength and elastic limit together with 
considerable ductility and toughness. 


S good ductility 
omium steels also 

Uses ~ (i) Steels with 1-2% 
and roller bearings, . 
(ii) Steels w 
knives, hamme 


Tews, hi 
y , Ing a =< 
`) Steels wit blades and ade Topla ar | 
engines, elen, Steel: Ickel conten 
engines, electric resistan rec; p ire Used | ’ ae 
instruments. Sion me; SUTIN tapes 4 d sy 
0.28, Give Specific Properties and applicatio . 
Ans. Chromium ic OOF chromium nent 
may be used al ai a the most commonly using alloying elem 
ay be used alone or in COn/unction With other elements, Chtomin S it 
exists in the form of carbide. > somatam in 
Properties ~ Due to Presence of chromium jn Carbide form, it has hig 
hardness, elastic limit and tensile Strength. It als ris 
toughness brough fine grained structure, Chr 
high compressiy 


due to 
have a 
Cr, and 0.15% C are used for bal] bearing 

ith 1% Cr and 0.9% Ç are used for twist drills, hacksaw 
blades, TS, etc. 


(ii) Steels with 1.5% 
Q.29. What a 


re the Composition, Properties and uses of high speed 
Steel ? State its various types, (R.G.PV, Dec. 2010) 
Ans. As the name indi i 


dicates, high speed steel iS us 
tools. These Steels can be divided ; 


Cr are used for Making Springs, 


34 
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m are given as follows ~ 


ve i pe m wee is thal it maintains 
ous properties © ae y seel is 
s aad 
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(iii) Its ae ‘io ne sala if 
ia allow righ speed steel inclu pp 
mgr a Ae aah punches mers, 
(i) Hand tools, such as ane 
) Machine tools for cutting 


i als. 
utting materials. — . ; 
drawing extrusion, forging, €t 


turing of drills, milling cutters, hobs, broaches, 


(iv) Dies for deep 
(v) For the manufac 
saws, reamer, etc. 
Types - High speed steel 
(i) 18-4-1 High Speed Steel - 
tungsten, 4% chromium and 1% vanadium. 
tool steels. It is widely used for drills, lathe, pl 
cutters, reamers, broaches, threading dies, punches, etc. ee 
(ii) Molybdenum High Speed Steel - This steel mere x p i 
tungsten, 6% molybdenum, 4% chromium and 2% vanadium. t is ps 
cheaper than other types of steels. It has excellent toughness an g 
ability and particularly used for drilling and tapping operations. 
(iii) Super High Speed Steel - This steel contains 20% W, 4% Cr, 
20 V and 12% Co. Due to high cobalt content, it is also called cobalt high 
speed steel. Cobalt increases its cutting efficiency especially at high 
temperatures. Due to its high cost, this steel is used for heavy cutting operations 
which impose high pressure and temperatures on the tool. 


(iv) Vanadium High Speed Steel - This steel contains more than 
1% V. It has better abrasive resistance than 18-4-1 steel. It is generally used 
for machining difficult to machine materials. 


“State the material used for making of the following parts, stating 

reason — twist drill, milling cutter. (R.G.P.V., Dec. 2015) 
Ans. Twist drill and milling cutters are usually made of 18-4-1 high speed 
steels containing 18% tungsten, 4% chromium and 1% vanadium. This type 


of steel has excellent red hardness, good wear resistance, fair machinability, 
high compressive strength and good cutting ability. 


Q.31 State various alloy steels with applications.(R.G.P.V., June 2016) 
Ans. Refer Q.27, Q.28 and Q.29. 


an be of following types — 
a This steel, contains about 18% 
It is one of the best all purpose 
anner and shaper tools, milling 
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Q.32. What is stainless steel ? Describe main properties and composition 
in brief. (R.G.P.V., March/April 2010) 
Ans. Stainless Steel - Stainless steel is an iron base alloy which has a great 
corrosion resistance. It has been found that when chromium content is 11.5% or 
more a fine film of chromium oxide forms spontaneously on the surface. This 
film acts as a barrier to retard further oxidation, rust or corrosion. This steel 
cannot be stained easily, hence called stainless steel. It is thus ideally suited for 
handling and storage of liquid helium, hydrogen, nitrogen and oxygen that exist at 
cryogenic temperature. | | 
Stainless steel can be classified into following three groups on the basis 
of their microstructure — 
(i) Austenitic Stainless Steel - 
Composition - These steels contain 0.03 to 0.25% C, 2 to 10% Mn. | to 
2% Si, 16 to 26% Cr and 3.5 to 22% Ni. Mo and Ti are also added in some 
cases. 
Properties — (a) These steels possess austenitic structure at room 
temperature because of containing Ni. 
(b) These steels possess greatest strength and scale resistance 
at high temperature. 
(c) These steels are non-magnetic and possess greatest resistance 
to corrosion and good mechanical properties at elevated temperature. 
(d) These steels can be easily welded. 


(e) These steels are very tough and can be forged and rolled but 
offer great difficulty in machining. 
Uses — (a) These steels are extensively used in chemical processing, 
paper making and dairy industries. 
(b) Used in engine parts of aircrafts, trailers and railway cars, etc. 
(ii) Martensitic Stainless Steel - 


Composition — These steels contain 0.15 to 1.2%C, 1% S; 1% Mn and 
11.5 to 18% Cr. 
Properties — (a) These steels possess martensitic structure. 


(b) These steels are magnetic in all conditions and possess the 
best thermal conductivity of the stainless types. 


(c) These steels can be easily welded and machined. 


. (d) Ductility, hardness and ability to hold an edge are 
characteristics of these steels. 


(e) These steels can be cold worked without difficulty. 


l (f) These steels have good toughness and show good corrosion 
resistance to weather. 


, p" 
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) These steels may be used where the o are not too 
oer, i X Y her engineerin 
oe has x hydraulic, steam and oil pumps, valves and other eng g 
severe suc ` 
components. 


(b) These are also used for cutlery, springs, surgical and denta] 
instruments. 


(iii) Ferritic Stainless Steel - 


Composition — These steels contain 0.08 to 0.20% C, 1% Si, 1 to 1.5% 
and 11 to 27% Cr. 


Properties = 


Mn 


(a) These steels possess a ferritic mucrostauctire. 

(b) These steels are magnetic and have good ductility. | 

(c) These steels are more corrosion resistant than martensitic steels, 
(d) These steels do not work harden to any appreciable degree, 


(e) These steels develop their maximum softness, ductility and 


Corrosion resistance in the annealed 


condition. B 
(f) These steels have lower strength at elevated martensitic Steels, 
Uses — (a) These steels are mainly used as sheet or strip for cold forming 
and pressing operations for Purposes where moderate corrosion resistance ig 
required. 
(b) These steels are widely used for pump shafts, spindles and 
valves as well as for many other fitting where a 


good combination of mechanical 
and corrosion Properties are required. 
Q.33. Define steel. Discuss its various types, 


uses and their applications. 
(R.G.P.V., June 2011 
Ans. Refer Q.13, Q.15, Q.16, Q.17, Q.18, Q.32 


and Q.27. l 
MECHANICAL PROPERTIES LIKE STRENGTH, HARDNESS, 
TOUGHNESS, DUCTILITY, BRITTLENESS, MALLEABILITY, 
ETC. OF MATERIALS PA 


Q.34. Name various mechanical properties of materials. 
Ans. The properties of material 


which are associated with the ability of 
material to resist mechanical for 


ces and loads, are known as mechanical 
properties. Some important mechanical properties of materials are — 
(i) Strength (il) Stiffness (iii) Elasticity 
(iv) Plasticity (v) Ductility (vi) Brittleness 
(vii) Malleability (viii) Hardness (ix) Machinability 
(x) Resilience (xi) Toughness (xii) Fatigue 
(xiii) Creep, 


ar “a ) 
u this d es 7 abe t offers 
4 8 lorce js Wit 
e , n g 
stress. Therefore, Stress can a pds "Ce Per unit ar n e 
resisting ch i ‘ S the inten: i : 
the force fine ra shape of th body. It js calcu] i d of EMAL forces 
acting on an area divided þ e area Iti b SIMPly dividing 
Mathematically, !S Measured in N/m? or kg/cm? 
Stress, o= P/A 
where, P= Force applied, A = Cros, 
Strain — i me 


Change į 
Strain, e= a In length _ & 
Original length — ; 


Strain is a dimensionless quantity, 


0.36. Define ductility and malleability with suitable e 


xamples, 
(R.G.PY, 
Ans. Ductilit 


y — It is the 

into the shape of wire iV; 
elongation and the redu 
of ductility, 


% Elongation = Final gauge length = Original gauge length ani 
Original gauge length 
% Reduction in area = Original area — Final area 


x 100 
Original area . 


Scnerally said to be ductile 
gauge length of 50 mm. Mild 
are ductile metals. 
Malleability - 
hammered or rolled 
with increase of te 
malleable metals. 


A material js 
More than 5 in a 


if the Percentage elongation is 
nickel, tin, etc., 


steel, copper, aluminium, zine, 


This is the Property by virtue of which 
into thin Sheets wit 
mperature. Alumini 


a material may be 
hout rupture, This property increases 
um, copper, tin, lead, steel, etc.. are 


.37. Explain the di rence between malleability and ductility. 
i i (R.G.P.V., June 2014) 


bility are given below — 


[. q 


Ans. The differences between ductility and mallea 
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Malleability 


Malleability is the capacity of a 
material to withstand deformation 


Ductility is the ability of a 
material to. unde 
under tension w 


rgo deformation 
ithout rupture. 
It is the Property of m 
virtue of which it can 
Into wires. 


under compression without rupture, 


aterial by 


lt is the property by virtue of 
be drawn 


which a material may be hammered 
or rolled into thin sheets. 
lt is a compressive property. 
Malleability depends upon the 
crystal structure of material. 
Examples — Gold, silver, aluminium, 
tin, zinc, wrought iron, etc. 
`. Define hardness. How it can be measured ? (R.G:P. 


Or 
Define hardness. Name various hardness tests. 


It is a tensile property. 
. Sl aan 
Ductility 


depends upon the 

srain size of the metal crystal. 
Examples — 
aluminium, 


Mild steel, copper, 
zinc, nickel, tin, ete. 


V., June 201 6) 


(i) Brinell hardness test 
(ii) Rockwell hardness test 
(ill) Vickers hardness test. 
The hardness of a material can 


be increased by alloying, cold working 
and precipitation hardening. 


Q.39. Define the followin 

material — ack 
R a G , iid) Touahnesi: 

(i) Ductility (ii) Brittleness (iii) g Te ETT 
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Ans.(i) Ductility — Refer Q.36. 


(ti) 


Bri 
without Much 


ttlene ~R.: 
SS Brittlenes< f 3 Materia) 
. p rMane t dic i Materia] ist s: -27 
brittleness If: IStortion, 
iE a a Ody br ks easily h ther wor i Y of breaking 
rittle. Such Materials m Ily whe Subjec ~S Of ducti, 8 
aterials z plas JECte ICtility 
(iii) n “ S are Blass, east iron, ete d to Shock it IS Said toy. 
Y Toughness T, l i 
= ~ ‘Oughness ; 
OPPOSES rupture, It is : >S IS the strep th wi ; 
before actual ks Measure of the amount of its 2 which the Materiaj 
°F failure takes lace. Mild < cer € Material can absorh 
i ` IS t y 3 
Q.40. Define the term Stiffness _ Qugher than glass 
Ans Stiffness is 


defined as th 


(i) Hardness (ii) Toughness 
Ans. (i) Hardness — Refer Q.38. 
(ii) Toughness — 


(iii) Fatigue. (R.G.P. V, Dec. 2012) 


The Maximum stres 
number of times without 


Almost all kinds of 
©.8., motor shafts, bolts, 
Suspension bridges, turbi 
importance of 
80-90% of the t 


s which can be applied to a material for indefinite 
Causing failure, is known as fatigue strength. 
machine members are subjected to variable loading 
springs, valves, automobile and gas engine parts, 
ne blades, aeroplanes, pressure vessels, etc. The 
fatigue phenomenon can be assessed from the fact that 
otal failure of high speed machine parts is due to fatigue. 


j j ineering | 
ere i chanical properties of engineering 
the following me 
0.42. Define 
material - p 
(i) Ductility 
(iii) Toughness 


(ii) Hardness — 
maa (R.G.P.V., June 2012) 
Ans.(i) Ductility - Refer Q.36. 
(ii) Hardness - Refer Q.38. i 
iii 39, section (111). 
(iii) Toughness — Refer Q.39, SO 
(iv) Machinability - Machinability of a material indicates a 
with which it can be cut or removed by cutting tools in various jies ining 
operations. It depends upon the chemical composition, microstruc ure and 
physical properties of the material and the cutting conditions. Soft materials 
like copper, mild steel and aluminium have good machinability, while hard 
materials like white cast iron have very less machinability. 


pde Deine the following properties of material — ductility, toughness, 
ness, creep. (R.G.P.V., Dec. 2015) 


Ans. Ductility — Refer Q.36. 
Toughness — Refer Q.39, section (iii). 
Hardness — Refer Q.38. 


Creep — When a machine part is subjected to a constant stress at high 
temperature for a long period of time, it will undergo a slow and permanent 
deformation, which is called as creep. It is not necessary that creep occurs 
only at high temperatures, it has also been observed to occur at low 
temperatures. But elevated temperatures greatly increases the creep deformation 
rate, specially when the temperature is in the vicinity of half of the melting 
point, creep rate increases greatly. Deformation caused by creep may ultimately 
cause the failure of material. Failure due to creep may be defined either by 
separation in two parts by rutpure or attainment of a specified strain at which 
a machine component fails to perform its function. 


plain the various mechanical properties of material. 
(R.G.P.V., Dec. 2016, 2017) 
Or 

Describe the various mechanical properties of materials in short. 
(R.G.P.V., June 2011) 
Ans. The material properties which are associated with the ability of the 
material to resist mechanical forces and loads are known as mechanical 
properties. The mechanical properties are a measure of the strength and lasting 


_ aS in spring, Proof resilience is defined as the m 


characteristics of 


a Materi 
are described be 


al in sery; 
SCTVice Q , Mater; 
low ce, Some important aterials 29 
s mes hani 


ICz 
C il Properties 


ji d h a nas strength 7 by a Materiaj om applic: 
applied, the strength could be compressive , pending n the pa cation 
(ii) Ela ü . p SSiVe, tensile Or shes; ~- 'Ype of load 
stasticity ~ Elasta ar, 
to its original positi 2 Elasticity of 4 Material is its pows., 
In other words, el *MESS or load $ remo 
detona ae] a Is that Property ofa Material by y ie 
‘ies ; y applied load disappears u Yy Virtue of which 
Elasticity is a tensile roperty of the material pon removal of the load 


important in forming, 
processes. Generally, ici i 
such as steel is plastic at bright heat and le 
i 

(iv) Stiffness ~ Refer Q.40. 

(v) Ductility — Refer Q.36. 

(vi) Malleability — Refer Q.36. 


d, cla 


Tem), Plo Y 


(vii) Toughness — Refer Q.39, section (iii), 
(viii) Brittleness — Refer Q.39, section (ii). 
(ix) Hardness — Refer Q.38. 

(x) Fatigue ~= Refer Q.41, section (ili). 


(xi) Creep- Refer Q.43. 


(xii) Resilience — Resilien 


ce is the capacity of a material to absorb 
energy elastically. On removal of the 


load, the energy stored is given off exactly 
aximum energy which can be 


Stored in a material upto elastic limit. Modulus of resilience is defined as the 


proof resilience per unit volume. In other words, the modulus of resilience is 
defined as the amount of energy required to stress unit volume of a material to 


its Proportional limit. The quantity gives capacity of the material to bear 
Vibrations and Shocks. 


(xiii) Wear — In case of relative motion between two surfaces, the 
Surface material get detached in the form of small particles. This type of 
depletion of material is known as wear. Wear depends upon surface finish, 


- Temperature, hardness, lubrication arrangement, presence of foreign matter 


and speed of relative motion. 


. = 9 
l terials ` 
: neering MUE 
i P the purpose of testing engines (R.G.P. V., Dec. 2015) 
ures machines and various other 
1 structure” sir safe working 


ation. i AnA 
jecte s < orials are required 
roducts are subjecte rties of materials are requires to 
i achines. en aod for one or more 
res and mac a Siar materials are tested for one OF more of 
“ngineering Male 


ineering materials used 11 
d to load and deform 
prope 


Ans. Eng 
of structu gineering 
determine very prec 
the following purposes — 
(i) To determ 
malleability. toug 
(ii) To check chemical composition. — 
To determine the tensile, shear and impac 


isely. 
ine the fundamental mechanical properties like 

ness, fatigue, creep. Cte- 

ili hness. hardness. fatigue, 

ductility. 
t strength of material 

(iii) 
when subjected to load. 


iv) To determine aw materials or processed 
(i 


the surface defects in 1 

ai in suitabili ateri ticular applicati 
(v) To ascertain suitability of a material for a parti pplication. 
conducted ? (R.G.P.V., Feb. 2010) 


of the most widely used of the mechanical 
dimension and shape of specimen depends 


0.46. How tensile test is 


Ans. The tensile test is one 
tests. To conduct the tensile test 
upon the shape and size of the O 
material. The cross-section of specimen 
is shown in fig. 1.3. Standard gauge length 


used most commonly is given by 


= 5.65 /Ag =5.0d ; 
h Ao A Fig. 1.3 Specimen for Tensile 
where, Ay = Area of cross-section in mm? Test 

dọ = Diameter of cross-section in mm. 

This specimen is gripped in jaws of universal testing machine and tensile 
load is applied. With the increase in the load the length of the specimen increases. 
The increase in the length (or elongation) of the specimen depends upon the 
load applied. Tensile test is conducted to study about the behaviour of material 
under uniform stressing. A stress-strain curve is made during the tensile testing 
of a polycrystalline metal specimen. 


“i 
riginal Emel 
' Length | 
‘ [i 


Now if we plot a graph with stress (i.e., load divided by the original cross- 
sectional area of the specimen) along the vertical axis and corresponding strain 


4) for a ductile material. Stre ade te 
1.4) l Stress-strain diagrams e (shown in fio 
(1) Ultimate strength of the material sed for estimation q ‘a 
of . . be i 
(ii) Yield point and yield strength of the m 
(iii) % elongation 
(v) Ductility 


(vii) Resilience 


aterial ; 
(iv) Young's modulus 
(vi) Stiffness 

(viii) Toughness. 


0.47. Define tensile strength for a material. (R.G.Py. p 20 
SUEY, Dec. 14) 


Ans. Tensile strength of a material can be defi 
ned as th 
tensile stress, under a steady load which a material can Pilea value of 
is calculated by dividing the maximum load by the original cross-section — It 
SS-§ Le. 


Tensile strength = Maximum tensile load 


Original cross-section area 
Tensile strength is also called as ultimate tensile strength or ultimate strength 
Itis taken as a basis for fixing the working stresses, especially in brittle materials, 
Its units same as those of stress, i.e. kg/cm? or N/mm? or Pa | 


. State and explain Hooke’s law and modulus of elasticity. 
(R.G.P.V., June 2015) 
Or 

Explain the Hooke’s law. (R.G.P.V., Dec. 2016) 

Or E 

Write short note on — Hooke’s law and modulus of elasticity. 
(R.G.P.V., Feb. 2010) 

l Or 
Describe Hooke’s law and modulus of elasticity. 


(R.G.P.V., March/April 2010) 

ai to Hooke’s law, when a material is loaded within its elastic 
ut, proportional to strain, or in other words, within elastic limits the 
ratio of stress in a material to the strain produced remains constant. Mathematically, 


Stress 
Stan Constant 
i.e., e E 
€ 


where . . . . . 
7 aha $ a constant of proportionality, which is called as a modulus of elasticity 
g's, modulus. It has same unit as the stress, i.e. N/m? or kg/cm’. 


QAI. What is modulus of elasticity ? Give its unit of measurement. 
Ans. Refer Q.48. (R.G.P.V., Dec. 2014) 


eenl'y 


(iii \Tensile test of steel, 


elasticity (R.G.P.V., June 2016) 


ollowing = 
k ke's law (ii) Modulus of 
(i) Hooke: 

).40. . 
stor OA and Q. f ineerin 
ane lowing propertes hi 
Q.51. Define fo s (ii) Ducha f elasticity. 

(i) Hardnes' (iv) Modulus 0. (R.G.P.V., June 2013) 
(iii) Fatigue 


g materials — 


er Q38. 
Ans. (i) Hardness - Refer “a 
(ii) Ductility - Reter Q.36. 


; section (iil). 
(iii) Fatigue - Reter Q.41. sect 
i < 


ify — fer Q.48. 
(iv) Modulus of Elasticity Re 


: 9 
O man ea ssed, it gets deformed or subjecteg 
% re d or stressed, 1 | ; i ie 
an a material is loade i applied stress, a s eee. 
to Rie “i n the variation of peu eeey a malena is gripped 
indan is plotted. To plot a stress-strain fed and the corresponding | 
f a unis Aa testine machine and the load is applied, 
deformatio 
load to 


> 
S- 1 j ram. 

i ious ints tress-strain diag 

tain vanous points onas 


; in diagram for an elastic material, 
43. Draw and explain stress-strain diag (R.G.PV, June 2015) 
ni i l. (R.G.P.V., June 2014) 
Explain the stress-strain diagram for mild steel. (R.G.P. V., 
Or 
di ild steel with the help of a neat 
Explain the stress-strain diagram of mild stee RGPY, June 200, 
h. 
sketc or | p k 
Draw the stress-strain curve for mild steel. Also EA f ee ‘a 
properties of mild steel related to this curve. (R.G.P.V., Ju 
Or < 
di i ing various points. 
Draw stress-strain diagram for mild steel, clearly e pags | 
Or l 
Explain stress-strain diagram for ductile materials. 


(R.G.P.V., March/April 2010) 
Or 


: 012) . 
Discuss the stress-strain curve for a ductile material. (R.G.P.V., June 2 


Or 
Draw the stress-strain curve 


2) 
.P.V., Dec. 201 
features. (R.G.P. 


. rte ilient i 
for a ductile metal and point out its sa 


then after lifting 
The other end of tl 


| l€ Specimen js 
tensile load is now 


i |S fixed jn laws in the is ecimen 
applied to the oa. “© LOD crosshe: 
load measuring gau a H naan W 'urning the hand a i 
a aE. . so True Stresser: shows the mag itude of 
“gradually increased until the esestrain Carve L eG 
specimen breaks and the : ¥ 
corresponding extensions are £ < PRR 
noted. The increase in length 2 Engineering 
or elongation of the specimen F stress-strain 
depends upon the load applied. gi 


A graph is plotted with stresses 
along vertical axis and 
corresponding elongations 
along the horizontal axis. This 
graph is known as stress- 
strain diagram. Stress-strain 
diagram for ductile materials © 
is shown in fig. 1.4. 


Elastic 
Range 


Plastic 


Strain 
m for Mild Steel 


lowing important 


Fig. 1.4 Stress-strain Diagra 


Stress-strain diagram gives us information about the fol 


points — 
(i) Limit of Proportionality or Proportional Limit — 
applied, the test piece tends’ : 


As the load is 
ece tends to change or changes its dimensions depending 
upon the magnitude of load: When the load is rem 


he stress upto which the stress 
proportional, is known as limit i 
law hold good upto limit of p i i ig. 1.4 that ~ 
from point O to A is a straight li i 
to strain and the point A repr 


(ti) Elastic Limit — it may be observed that if the load is raised 
beyond point A upto the point B, the material will regain its shape and size 
when the load is removed. This means that the material has elastic properties 


upto the point B. The ip B is called elastic limit. The elastic limit is defined 
as the stress developed 


n the material without any permanent deformation. In 
Some materials, the Proportional limit and the elastic limit are almost same, but 
in most of the materials, the elastic limit is higher than the proportional limit. At 
elastic limit, the deform 


ation of different materials is different. In case of mild 
Steel specimen, the deformation is about 2%. 


a>] 


„yond the clastic 


load. the material 
isly the 


„d he 


ile emo be 


Sly 
aration will show 
ge in th 


nerea ad; 
Jds betore the load ang 


e stress unti] 


n Y \ 
specimen gels ™ os at dl | viv 
aun increase® * ~ yatera , 
point B. the strain J | At the point C. the m Fol mild steel specimen, 
int C is reached. At sir stress. , I 
the point C 1s reat hec vithout an increase HIST i diately after y ielding 
is sciable strain ` edialt’? ee N 
tiere appi E i] load drops t° p, Ue sints C and D. The 
it will be seen that a smal ©" ere are WO vield pomt ory 
a} a e k B TA à : 
— mild ste j ywer vield points respet 1veIy. ENE 


commences. 
points C and D are 
highest value of stress after whic 
upper yield point, whereas the Ik 
a considerable extension or elong 
is known as yield point stress. 
(iv) Proof Stress - Most ductil 
yield point. In this case. the curve passes smoot 
the section corresponding to plastic deformation. For su 
stress at a specified strain is calculated. This is usua 
completion of the test by an offset method. Although 0.2% 
for steels. and as much as 0.5% for cast iron. 
(v) Ultimate Stress - At point D, the specimen regains some strength 


and higher values of stresses are needed for higher strains, than those between 
Il the point E is reached. The gradual 


A and D. The stress goes on increasing ti 
followed with the uniform reduction 


increase in the strain of the specimen is 
The work done during stretching the specimen, is 


transformed largely into heat and the specimen becomes hot. At the point E, 
the stress, which attains its maximum value is known as ultimate tensile stress 
which is a measure of tensile strength of a material. Ultimate tensile stress is 
defined as the largest stress obtained by dividing the largest value of the load 
reached in a test to the original cross-sectional area of the test piece. 


(vi) Breaking Stress - After the specimen has reached the ultimate 
tensile stress. a neck is formed, which decreases the cross-sectional area of 
the specimen. A little consideration will show that the stress necessary to 
break away the specimen. is less than the maximum stress. The stress 1s 
reduced until the specimen breaks away at point F. The stress corresponding 


to point F is called breaking stress. 


F DEA, Sketch stress-strain diagram for M.S. and cast iron. Discuss various 
points for M.S. (R.G.PV,, June 2011) 


known as upper 4 


h a suc „s which produces 


the stres 


yoint 18 
ding to yield point 


ywer \ ield | 


ation. The stress cor espon 


e materials do not have a clear cut 
hly from the elastic Section to 
ch materials a proof 
Hy calculated upon 
is often employed 


of its cross-sectional area. 


Or 


Draw the stress-strain diagram for ductile and brittle material. 


(R.G.P.V., Dec. 2017) ` 


>. 


Ans. Stress- 


0.53. 


Stress-strain Diagram for 


Strain Dia 
gram , 
for Mild Steel (Ductite ny Materials 35 

aterial) R 
~ Refer 


‘a di , Cast | 
tne t g P . : re 
een igram for a brittle Material say M (Brittle Material) 
aterials é ak ; ; al Say Cast em 
materials are weak in tension due to the i Iron is shown in fig. | : Stress. 
esence of sub. >” Brittle 


which are oriented Perpendicular to th 
í ) e 


Therefore, brittle materials like cast iron. st 
tc. ar S i ` t » SIONES, Cer: 
a a sete in compression on a Universal testi STEAMICS, mortars bricks 
to be tested is placed betwee al testing machine mp, | VOSS. 
n the compressi ine. The speci 
eas ession plates ; pecimen 
to measure the cor Sive airan T plates, a strain g; , 
the specimen and feo Strain. The load or force is es is attached 
spec and the ‘ . : gradually anni; 
di corresponding strain is recorded ; ally applied on 
Now with the recorded data, a graph is prepared with at regular intervals 
rere , j ` wi 
stresses along the vertical axis and the corres ondi t 
, , spon 
strains along the horizontal axis. The graph | ing 
as stress-strain diagram. SAN 


Stress 


From fig. 1.5, we can see that there is a littl 
strain as compared to the stress. There is alwa i 
point, where the specimen will fail due to shear 7 : 
a diagonal plane. The value of breaking sts i 
different materials is different. But the general ie 
for the stress-strain diagram is i 
as shown in fig. 1.5. ° eta 


Strain 
Fig. 1.5 Stress-strain 
Diagram for Brittle 
Material 


0.55. Give classification of engineeri 
ngieering materials. Give applicati 
e e pp ‘ations o 
cast iron and cal bon steels. I lot St? eSS-strain curve for cast iron . is ti. . 4 
between stress-strain curve and true Stress-str ain curve (R G P. y Dec 2013 
. "UI. Y., .á ) 


Ans. Classification of Engineering Materials — Refer Q.2 


Applications of Cast Iron and 
C 
Q.16, Q.17 and Q.18. arbon Steels - Refer Q.6, Q.8. Q.9. 


Stress-strain Curve for Cast Iron - Refer Q.54. 


Diff . 
Curve ieee Stress-strain Curve and True Stress-strain 
thei aies teacherte in Ka of a ductile material, as shown in fig. 1.4, 
by point E) a neck starts apas value known as ultimate stress (as shown 
specimen, it causes the s os omm wea reduces the cross-section of the 
strain between E and F. ie sae si ies ve at F. If for each value of the 
area at the narrowest ari a load is divided by the reduced cross-section 
line EG. This curv ae | ° the neck, then the curve will follow the dotted 

e EG is called thé true stress-strain curve, while the curve 


EF is k 
“F as known as ; ; 
as nominal or engineering stress-strain curve. 


ve 


~ 


we 
lont and Ainm i he material al the rod Ie 
gation ol the rod 


a Basit Mecham? Engneer’ | 
> om is enhjocted to an arin) 


RGP V. June 2014) 
Amm P= 20KN -~ 


ay) mm i om = 
Sol Given Si A) 
1) x IOON F-72410 N/m 
Nitress« in rhe road wa! he give! s4 : 
Axial pul 
o Cross sectional area d 
4 
a \ anD , ) 
o «S'S 306 N/mm ing, 
R ` 
` X 
Nou NAGUIUS oi ecilasticıty tot the rod 
i Stress 6 
Strain € 
63.66 
a = 
63.06 7 
t= z ? 3 
. = 3.183 x 10 = 


2x 10° 


Elongation of the rod will be given by. 


ô= exl 
= 3183 x 10% x 1500 = 0.477 mm Ans 
HARDNESS AND IMPACT TESTING OF MATERIALS, BHN, ETC. 


en 


Define hardness and explain the brine!l hardness test. 
(R.G.P.V., Dec. 2014) 


Or 


Define hardness. Explain any hardness testing method in brief. 
(R.G.P.V., Dec. 2011) 


Or 
Define hardness and explain the testing proc 
hardness of engineering material. 


edure for determining 
(R.G.P.V., June 2012) 


Ans. Hardness — Refer Q.38. 
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the handy hes | 
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and CONIAC HR With 
hy 


view. The diamete 


si her . 
Cal h ( ther and the Ave ' mı M tra Vth 
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BHN W ted ire 


tD 
| ) Jop dź ) 
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where, W = Load on indenter, k 
` (g 


D = Di; 
ameter of sı 
eel bal] 
dil, mm 


d =Average 
Average Measured diame 
er 


of indentation, mm. 
This test is best for me: 
ness Of gray iron castings Consisting of 
p “ Š s ae © ) S i 
flake graphite, iron and hard iron ç; Fig. 1.6 Bri 
Carbide, £6 Brinell Hardy). 


A Brinell hard fs ; 
ee ness testing machine i down Testing Machine 
r . aaki l = ° 


Ans. Refer Q.38 and Q.56, Satia (RGPV, Dec p17 


0.58. What do you mean by impact Strength ? 7 
| Aris. The capacity of a material tO resist or ; | 
its fracture is called its impact strength is a 
takes into account both toughnes fis 
for ductile materials is higher than that f 
a material can be determined by subj 


under Izod or Charpy test. It is measured in cm-ko 
g. 


0.59. What is im : 
pact testing ? Rri . 
testing, "g < Briefly explain the procedure of impact 


suring hard- 


shock enero defore 


Ans. An im ; 
to high rates of te piae the behaviour of materials when subjected 
test, a specimen, mac = ee yin bending, tension or torsion, In an impact 
and broken by ‘ acl a or surface ground and usually notched is struck 
quantity measured į Sie blow in a specially designed testing machine. The 

Is the energy absorbed in breaking the specimen by a single 


> material, 
shness © the 
„ative we ine namely € harpy 
achine. 
ag BOSC indi e tes 
animpa" est g! used on h a WAY that a simple 
4 : , 1C : ` A A in 
blc “ wes ot Sl ' in the vice 1l “when placed in the vice 
l Jace ime 
£ spei 
7m 
Test Piece 
Blow 
Blow 
Cha 
(b) Izod l (c) Charpy 
Fig. 1.7 Impact Testing 
ndulum weight is raised to a height depending 


Procedure - The swinging pe e ina 
upon the type of specimen to be tested. With reference to the vice holding the 


specimen, the higher the pendulum, the more potential energy it has got. As 
the pendulum is released, its potential energy is converted into kinetic energy 
until it strikes the specimen. 

The Charpy specimen is hit behind the V-notch while the Izod specimen 
is placed with the V-notch facing the pendulum. A part of the energy possessed 
by the pendulum is used to rupture the specimen and the pendulum rises on 
the other side of the machine to a height lower than its initial height on the 
opposite side of the impact testing machine. The energy absorbed in breaking 
the specimen is the weight of the pendulum times the difference in two 


fatigue test on a material ? 


Materials 39 


heights of pendulum on either side of the machit i 
. 1€ i ne ry 

¡mpat t strength and can he read from the dial mit rey ts the notched 

s d e imp ee 

pact testing machine 

(0.60. Write a short note on ~ Fatigue testing 


Ans. The fatigue test determines the stresses which 
i sample of materi J 


j les This 


section. loaded it two 


of standard dimensions can safely endure for a given number of 

iS accomplished using a specimen having a round cross 

yts as a rotating simple beam and supported at its ends. The top surf 
` i€ top surface of 


pou ; | 

guch a specimen is always in compression and the bottom surface is aly 

tension. The maximum stress always occurs at the surface, halfw ry along th 
ce, mg the 


length of the specimen, where the cross-section is minimum. For each complet 
. ` `s C si a . . ` e; co \ e e 
rotation of the specimen, a point in the surface originally at the top centre goes 
alternately from a Maximum in compression to a maximum in tension and ‘ees 
pack to the same maximum in compression. 
Specimens are tested to failure using different loads, and the number of 
cycles before failure 1s noted for each load. The results of such tests are 
lotted as graphs of applied stress against the logarithm of the number of 
cycles to failure. The curve is known as S-N curve. The usual procedure is to 
make a number of specimens of the same material and test them under different 
stress conditions. 
Fig. 1.8 shows the two types of S-N curve. 


Stress 


Endurance Limit 


Maximum Stress 


No. of Cycles for Failure No. of Cycles for Failure 


(a) (b) 
Fig. 1.8 


7 ihe 18 (a) shows a definite levelling off the curve, which indicates that 
ae sites : ie fatigue limit. Commonly ferrous metals show distinet 
, while non-ferrous metals do not. The fati imit | 
S als . The fatigue limit is about 40 
60 percent of the tensile strength. i “ 


.61. 
ar N mie ped a stress-strain curve of a brittle material differs from a 
alias f Explain with the help of a plot. On which machine the 
a material is performed ? What is the object of performing 
(R.G.P.V., Dec. 2013) 


Diffe 
ais pea aah Stress-strain Curve of a Brittle Material 
aterial — Refer Q.54 and Q.53. 
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ERLE EET LIT PELL ET ELT TT S o 
CONCEPT OF MEASUREMENTS, ERRORS IN MEASUREMENT 


ERIM ICEL IEEE I TOE CT TE: GLEE DEA EAE. > Sa 

Q.1. Explain ine ierm measurement. Give its significance. 

Ans. In nature “whatever exists, exists in some amount”. The 
determination of this amount is called measurement. The measurement of a 
given quantity is essentially an act or result, of a quantitative comparison 
between a predetermined standard and an unknown magnitude. 

Broadly speaking there are two major functions of all branches of 
engineering — 

(i) Design of equipments and processes. 
(ii) Proper operation, control and maintenance of processes. 

In the field of engineering design, research and development programme, 
the measurements and correct interpretation thereof are the source of great 
importance and necessary information. 

In the process industries and power plants and other production industries. 
the aim is to achieve quality of product and have maximum efficiency. For this 
purpose and for the maintenance of operation, measurement plays a vital role. 

The whole area of automation or automatic controls is based on measure- 
ments. In fact, the concept of control is based on the comparison of the actual 
condition (known by measurement) and the desired performance (set value). 


Q.2. What are primary, secondary and tertiary measurements ? Explain 
with suitable examples. 


Ans. Primary Measurements — A primary observation is one that can be 
made by direct observation without involving any conversion of the measured 
quantity. In this case, the change in the measured quantity stimulates a set of the 

observer's nerve endings, so that the observer can see or sense the change 

directly. Examples of primary measurement are (i) the matching of two lengths, 

such as when determining the length of an object with a metre rod, (ii) the 
| matching of two colours, such as when judging the colour of red hot metals. 
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errors that arise during the actual 
Errors- À . ition errors. These errors 
controlled variables, such as changes 
nditions, power settings 
ffect system performance and sensor 
n, the measured variable temporal 
tion errors. A list of common 


(ii) Data Acquisition 


measurement are re 
strument errors, un i 
em operating co 


act of ! 
include sensor and 1n 
or unknowns in measurement syst 


and environmental conditions that a 


installation effects on the measurand. In additio 
ontribute data acquis! 


ia] variations C se . 
and a oaii ‘sition errors is given In table 2.2. 
0 


buting to data acqui 


elemental € 
Table 2.2 


ment system operating conditions 
age (instrument error) 
rent error) 


Measure 
Sensor-transducer st 
Signal conditioning stage (instrun 
Output stage (instrument error) 
Process operating conditions 
Sensor installation effects 
Environmental effects 

Spatial variation error 

Temporal variation error 


l 

2 

3 
4 
5 
6 
7 
8 
9 


E (iii ) Data Reduction Errors — The use of curve fits and correlations 
ja aie es their associate unknown introduces data reduction errors 
e : : ; 

ported test results. The resolution of computational operations required 


N Is 


into 


Mea men P E 
' surement and roduction n 
; 7. ISCUSS t } 
Q e various types of errors in measur 
l h ement. 


(R.G.P. V., Dec. 2017) 


gineer ing 4 5 


Ans. The various types of errors occur durin 


,rouped into following three categories — g Measurement may be 


() Gross Errors — Gross errors occur because of mi 
or using instruments and in recording and calculating me istakes in reading 
These errors are usually because of human mistakes and pas results. 
magnitude and cannot be subjected to mathematical nel may be of any 
One common gross error frequently committed during ies l 
improper use of the measuring instrument. Any indicating an urement is 
conditions to some extent when connected into a complete circuit nt changes 
reading of measurand quantity is altered by the method used. G it so that the 
also contributed by the other factors such as improper readin i ross errors are 
failure to eliminate parallax or recording the result di a. na ai 
reading taken or adjusting the instrument incorrectly. These ie the actual 
treated mathematically so a great care should be taken duri rs cannot be 
recording the data to avoid these errors. uring reading and 


| (it) Systematic Errors — These errors remain constant or chang 
according to a definite law on repeated measurement of the gi i 
i given quantity 
. © ` 
These errors can be evaluated and their influence on the results of Seas 5 
. . A . i o 
can be eliminated by the introduction of proper corrections ment 
Systematic errors are of tw . l 
, o types namely in 
f strum 
environmental errors. 7 ental errors and 
Instrumental errors are inherent in the measuring instruments because of 
; caist PS se 
a mechanical structure and calibration or operation of the apparatu d 
' i s used. 
ese errors may be detected by checking for erratic behavi p 
reproducibility of results. A quick and easy ee 
od j way to check an ins i 
com : nstrument 1s 
pare it with another instrument of same characteristics or compare it 
con . = it w 
7 T more accurate instrument. Such errors may be i ded i 
lecting a proper measuring device for the particular applicati ided by 
Environment i iaon 
al errors are 
eaa much more troublesome as these change with 
' unpredictable manner. These e : rs ie 
Instrument in different conditions th i hich E A 
i . an in which i ‘ 
Change in temperature is the aan a it was assembled and calibrated. 
l se of s E 
the properties of materials in man w wa A ESEN 
. ays i : e a o 
spring effect and other. These ai ys, including dimensions, resistivity, 
instrument in controlled conditi s can be eliminated or reduced by using 
1ons of pressure, temperature and humidity in 


Ghick i `. 
ich it was originally assembled and calibrated. 


(iii) Ra 
ndom Errors — These errors are of variable magnitude and 


sign and d 
> o not obey a 
y any known law. The presence of random errors becomes 
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Output Output 
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Max. Output 
Hysteresis 


Input 
aw Max. Input 


Hysteresis 


(c) (d) (e) 
Fig. 2.1 Hysteresis Effects 
In an instrument which has no friction due to sliding of parts, the A 
varies as shown in fig. 2.1 (a) when input is slowly varied from zero to : 
scale and then back to zero. The non-coincidence of output when the input . 
increased and then decreased is on account of internal friction or hysteretl 
damping. In case of instruments which are used on both sides of zero 1.¢ 


a is as 
input applied on both positive and negative sides, the variation of output 1S ê 
shown in fig. 2.1 (b). 
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In case Of instruments, which do not h 


ae seep ave internal fr 
external sliding friction, i.e., 


‘ iction, but ii 
constant Coulomb friction. the input-output 


relationships are like the ones shown in fig. 2.1 (c) and (d). In an instrument 
a number ol causes such as listed above combinely give an overall effect 
which may result in output-input relationship such as shown in fig. 2.1 (e) 
The numerical value of hysteresis can be specified in terms of either output ja 
input and is usually given as a percentage of full scale. 
(ii) Sensitivity — Sensitivity is the ratio of the magnitude of output 
to the input signal or the response of measuring system to the quantity being 
measured. Its units are millimetre per micro-ampere, counts per volt etc. 
depending upon the type of input and output. 

For an instrument having linear calibration curve sensitivity is the slope of the 
calibration curve and is constant over the entire range of the instrument. If the 
calibration curve is non-linear, the sensitivity will be different at different points, 
being the slope of curve at various points. The sensitivity of an instrument should 
be high and thus the range should not be high in comparison to value being measured. 

(iii) Accuracy and Precision - Accuracy is defined as the closeness 
with which an instrument reading approaches the true value of the quantity 
being measured. Thus accuracy of a measurement means conformity to truth. 
True value of a quantity can be defined as the average of an infinite number of 
measured values when the average deviation due to the various contributing 
factors tends to zero. Any measurement system does not indicate true value 
because of loading effects, lags, mechanical problems like wear. hysteresis, 
noise pick up, etc. Some inaccuracy thus has to be accepted in measurements. 

The accuracy may be specified in terms of inaccuracy or limits of error 
and can be expressed as point accuracy or as percentage of scale range, or as 
percentage of true value. 

_ In general usage, the distinction between accuracy and precision is usually 
very vague. But in the field of measurement there is a sharp difference between 
the two terms. 

Precision of an instrument is the extent at which the instrument repeat its 
result when making repeat measurements on the same unit of product. The 
term precise means clearly or sharply defined. If an instrument is not precise, 
it will give different results for same value when measured again and again. 
Such an instrument thus is considered non-trust worthy. The first and 
fundamental requirement of any good instrument to be effective is that it 
should have adequate precision. 

(iv) Errors — Refer Q.4. 


(v) Response Time - All measuring instruments consist one or more 

“nergy storage elements. These energy storage elements include electrical 
inductance and capacitance, mass and inertia and thermal and fluid capacitance. 
en an input is applied to a measuring system, these energy storage elements 
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0.11. Distinguish between — 
(i) Range and span 
(ii) Error and accuracy 
(iii) Accuracy and precision. 


resis. 


(R.G.PV., Dec. 2015) 


Ans. (i) Range and Span - The range of the instrument Is spe 
the lower and upper limits in which it is designed to operate for T as 
indicating or recording the measured variable. It has a very important ear : 
on the expected accuracy of the instrument. The range of the instrument 1S S 
selected that for the working parameter, the pointer deflection is about 2/3rd 
of the scale. The range of the instrument can either be unidirectional (e.g. 0 to 
100°C) or bidirectional (e.g. - 10 to 100°C). 

The algebraic difference between the upper and lower rang 
termed as the span of the instrument. 

(ii) Error and Accuracy - Error is defined as the difference be 
the measured and the true value (as per standards). 
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142. Define temperature and name one device and iis operating 
principle for measuring temperature. (R.G.P.V., Dec. 2014) 

Ans. Temperature can be defined as the degree of hotness or coldness 
a body. Temperature can also be defined as condition of a body by virtue of 
which heat is transferred to or from the bodies. 

One of the most commonly used device for temperature measurement in 
industries is a thermocouple. A thermocouple works on the seeback effect. 
viz. if two wires of different metals are joined together at each end to form a 
complete electric circuit, then current flows in the circuit when two junctions 
are kept at different temperatures. 


Q.13. Classify the temperature measurement instruments. 
(R.G.P.V., Dec. 2016) 


Ans. Temperture measurement instruments can be classified into following 
two groups — 

(i) Contact type (ii) Radiation type. 

(i) Contact Type — In contact type temperature measuring 
instruments, the indicator is placed in direct contact with the heat source. 
Resistance thermometers, thermistors, thermocouples, bimetallic thermometers 
thermopiles and semiconductor thermometers fall in this category. | 
PI Asie Type - In this group of temperature measuring 
PSEA Wb paige operate either on total radiation, i.e., heat and light 
es Aue fice nes radiation. The instruments operating on 
aieh saint ena o ste called the radiation (ype instruments 
These ee e radiation are called the optical (ype instruments. 
Kesan aE ing instruments are particularly suitable for the 

y high temperatures, the upper limit of their range being 


Ixed mainly by difficult 
y difficulties of calibrati iati i 
i s ation. Radiation pyrometers i 
Pytometers fall in hisdi s n pyrometers and optical 
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jependem standards Fig. 2.2 Bimetal Stri 
¢ Out of these ; , ! rip 
The deflection with the temperature is nearly linear, d 
ar, Ge 7 
epending mainly on the 


For’example, ei Cli . 
coefficient of linear thermal expansion. Invar is co nae 
s commonly mployed . 
J as the low 


expansion u nis is an iron-nickel alloy containing 36% kel 

rs hermal CX ansion Is < o g 36% nickel. Its coefficie 
same temperature of thet i“ a me around 1/20th of the ordinary metals. Br oefficient 
: ` R sion materia - the s. Brass ts use h 
be divided or expansit I ater or the ised as high 


15 . , 
owevet. the combination 


ne that can 


these quantities measuremen of low 


temperatures whereas nickel 
.< “when two bodies are each alloys are used when higher 
vay are said to be in thermal, temperatures: have to be 
the bodies are all at the same measured, A bimetallic strip 
sproducible means of establishing a is somewhat insensitive, but 
Thus. if we can $ é sgother bo dies may be compared the sensitivity 1S improved by i. — Free Ead 
using a longer strip in a helical Mired ca im etal Helix 


l TBNUFES: ner jE : rmometer successively to the 
a tpn tempera ing ilibrium to occur form as shown in fig. 2.2 (c). Fig. 2.2 (c) Bimetal Helix Thermomet 
One end of the helix is anchored to the casing and the oth - 
free 1s conveniently connected to the pointer which swee i = end which is 
reproducibly with temperature. graduated in degrees of temperature. In response to ai over circular dial 
However. a standard pstance cannot give accurate bimetal expands and the helical bimetal rotates at its free ae hca paj 
result for other substances To overcome t perature scale stem and the pointer to a new position on the dial. The length of e oe 
independent of an) substance 1S desirable. upto about 0.6 m, allowing the bimetal element to be cibenereed : wr =e 
The thermodynamic temperature scale as suggested by Lord Kelvin in without the indicator itself being subjected to excessive te aaa = 
ý dered as standard thermometers are used in the — 30°C to 550°C range eee ane 
ge. 


1 of any material property can be consi 
this scale. the fixed point 1s taken as the triple point of Q.16. Explain the construction and working fath 
a thermocouple. 


l P i ible state known. The number assi ned 
water because this 1s the most reproduc! l g Ans. Thermocouples are the most simple and 
to this point is 273.16 K. Since this makes the temperature interval from the for temperature measurement. It impie and HOS widely used devices 
ice point (273.15 K) to the steam point equal to 100 K. ieS insulated foi each other SEN consists of two dissimilar metal 
es : f 3 formi so ut welded or braze i - 
0.15. Describe with a neat sketch, the working of a bimetallic eo two junctions. The operation of a saie an FNA 
(R.G.PV, Dec. 2015) ‘A 7 i.e., if two wires of different metals are join i eth — 
. k | f , a comple E ogether at each end an 
NIE thermometer employs the principle of solid expansion and ‘ace a 7 gee circuit then current flows in the drank when ae 
consists ict sculls’ . í ; ; . s 
e arare in the form of a cantilever beam. This comprises ect: called i different temperatures. This current is caused by an 
ai nA s, having different coefficients of thermal expansion, weld of the temperat ermo-electric effect set up in the circuit and is a function 
iah ogether so that relative motion between them is prevented. An increase Empeda ; ure difference of the two junctions (the hot juncti h 
mperature causes the deflection of the free end of the stri maintai e is to be measured and the cold ` Da ee 
strip. ained at a constant ae or reference junction which 1s 
a . 
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p which bears hermocoue Nace terminated on terminals 
ches “er se ends at the oe 3 fe compensating ane oe 
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are arra ged in a heat ` pemp” measurement devices: ; 
Q.17. Name various P sor pressure measurement are of two types, 
ss. The various devices = pat further subdivisions are as follows ~ 
nanometers anc mechanical gauges. on sae column manometer 
i) Manometers ~ pom U-tube differential manometer 


U-tube differential manometer. inv 
micro-manomete inclined manometer. p 
chanical Gauges ~- Press 


re gauge, vacuum gauge, 
(ii 
ure transducers and electronic 
d for pressure measurement. 


pressure gauge with neat 
(R.G.P.V., Jan./Feb. 2008) 


compound gu~z¢. ; és 
In addition to above mentioned devices, pre 


as piezo-electric cells are use 


pressure cells such 
ng of a Bourdon 


0.18. Explain the worki 
sketch. 


Ans. A Bou 
This incorporates an elastic Bourdon tube. The cross- s purdon 


section of the iube. due to pressure, tends to round Tube 
out. The tube uncoils since the inner and outer arc | 
. . oo. y 
lengths remain almost equal to their original lengths. 
NS 
— 


The motion of the end of the tube is amplified and 
indicated by a pointer moving on a calibrated scale. 

Usually, an electromechanical transducer is used i 
along with the elastic element, especially when T 
dynamic pressures are to be measured. The output fr 


voltage can be indicated or recorded by a suitable 
instrument like an oscilloscope or a recorder, 


is j sure. 
rdon pressure gauge Is commonly used for measuring pres 


Fig 2.3 Bourdon 
Pressure Gauge 


0.19. What is a U-tube manometer ? 


Ans. A manometer is the simplest device f 
measuring static pressure. A simple U-tube manomese; 
as shown In fig. 2.4 uses water, mercury of prt raes 
ible fluid. The difference in levels (h) hetween the 
(wo limbs is an indication of the pressure difference 

j- p) between the two limbs. If one of the pressures. 
gay that applied to limb2. is atmospheric. the difference 
gives the gauge pressure applied to limb] 

h= (pj -p2) pg 


guilt 


Fig. 2.4 U-tube 
: . Vianometer 
p = Mass density of the liquid used in the manometer 


0.20. Explain pressure measurement by pressure transducers and piezo 


electric cells. 

Ans. A pressure transducer is used to measure absolute pressure and it 
variation by measuring some electrical quantity. ae 

A pressure transducer usually has a thin diaphragm, on one side of which 
the fluid pressure acts. The movements of the diaphragm caused by the chan a 
of pressure are indicated by an electrical strain gauge on the diaphragm which 
with proper calibration would facilitate the measurement of pressit: 
Alternatively the change of electrical capacitance between the moving diaphra om 
anda fixed plate may be measured which would also facilitate the measurement 
of pressure. Most of the pressure transducers will respond to very hich pressure 
and to fluctuations of pressure of several cycles/sec. oS 

Piezo-electric cells are electronic pressure cells suitable for measuring very 
high pressures as well as pressure fluctuations. These devices use a crv stal of 
quartz or other material which when subjected to the pressure of fluid, produces 
across itself a small but measurable difference of electrical potential. The quartz 
crystal will respond to pressure as great as 350 kg/cm? and to fluctuations of 
pressure from 1 to 10000 cycles/sec. Some pressure gauges utilize the increase 


of electrical resistance exhibited by metals under very high pressures. 


Q.21. Briefly explain the devices used for measuring the pressure of a 
fluid. (R.G.P.V., June 2014) 


Or 


Explain the various pressure measurement instruments. 
(R.G.P.V., June 2010) 


Ans. Refer Q.18, Q.19 and Q.20. 
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222. Discuss in brief velocity measurement. 
Ans, F Aa s . e ee 5 
the fol F or the measurement of velocity at different points in the flow field, 
Owing devices are commonly adopted — 
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(j) Electromagne™™ 


cers 
ii) Seismic type transduc 
Peete a 
iii) Digital transduce p 
iv) Transducers utilizing the Doppler l g 
(i T Transducer - Å electromagnetic transducer utilizes the 
voltage produced in a coil on account of change in flux linkages resulting from 
change in reluctance. 


In general. the output voltage from å coil is given by, 


do 
e= at 
mmf _ Ni 
where, © =Flux = Reluctance R 
ili 
eE mA 
dt\R 
_Ndi_ Ni dR 
R dt R? dt 
If current i is asssumed to be constant, then 
Ni dR 
e= =: 
R2 dt 
dR 
or ex- ~ 
° dt 


Derivation of above 
eqn: 
quation is haser| 
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(1) The average value of R i pon the following 
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(it) Quantity IS approximately , 
R / CONStant 


In this type of transducer reluctance of iron art 
and reluctance of magnetic path is only due ce on mer 
reluctance therefore varies directly with the igi oe, tance of air gap The 
is directly proportional to rate of change of nah fair gap ind output a 
linear velocity. Thus this type of transducer is cals bance hence to the 


’ he neghgible 


tage 


The clectromagnetic transducers may be of the follow 
l , O Ing tw 
(i) Moving magnet type (ii) Moving coil type 
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0.24. Write short note on — Flow measurement. 

Ans. Flow is the most important variable in any plant operation. Ti 
measurement of flow is very important in many industrial ied as E he 
transportation of solids as slurries, compressed natural gas in f eae as 
and gas supply to domestic consumers, irrigation yaeta Pi ines, water 

Many accurate and reliable methods are available for the measur tof 
flow. Choice of a particular method depends upon the material and its mata : 
the type of flow, the volume, the range and rangeability, the set 
temperature change, the accuracy needed and the control caer sgi 

The nature of fluid whose flow is to be measured may be i different 
types. For example, fluids may be clear or opaque, clean or dirty, w bp pi it 
erosive OF corrosive. Fluid streams may be multiphase va on ine aA 
slurries. The flow may be laminar or turbulent. Pressure ia aa a or 
vacuum to many times atmospheres, and a way vay _ 
cryogenic to hundreds of degrees of Celsius. Flow requirement | from 
from a few drops per hour to thousands of litres per minute may vary 


Thus, selection of the best i 
; method for a particular applicati 
j = cation ds 
Tin set of conditions as discussed above = iii 
. How will you measure flow ? Name instruments used. 
(R.G.P.V., June 2016) 
Ans. FI i . a j 
ee oe 1s concerned either with flow rate or total flow 
o 7 ere can be two types of flow meters — | 
1 oe 
ihe oe flow meters (ii) Quantity meters. 
eine hed heh ren measure the volumetric flow rate directly or 
ow whi ipli i , t 
(obtain the flow rate ch can be multiplied with area of cross-section 
Quantit 
y meters measure the total flow or the amount of fluid that flows 


across a ive Le his À 
i ei i is Pat a specified interval of time. The average flow rate can 
y dividing the quantity of fluid flow by the time taken to flow. 
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ble area flow meter. H el ‘i) TI b 
gable i i ii) They can be used for liqui 
7 i of an upright tapered ( ae ed for liquids, gases and vapour 
15 N t . a . rg e a 7 fo . Cc j 
ws ma chown in fig. 2.5, (iv) They are not affected by the viscosity of the fluid 
up ass a s a e fluids 
ove within the tube. The (v) They can be used for Measurement of low flow rat 
/ rates 


1 jocks the inlet of tube. The (vi) Their accuracies range from +0.5% to 107 
tol nee 4 0 


The glass f such a? , pottom t hottem of the tube when saat eit : b 

joat is made OFT ube from eater j must be mou j o , 

Muid flows through 1" wf he float rest aches the float, the buoyant ue a lerati a Vertically as the gravity vector affects the 
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When no fluid ts ” Mane ond the fluid Te is of such a material that flow rate. Vertical accelerations affect the value of g. These two factors limit 
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the pipe But the float 1S |. so that the buoyant the use of rotameters. For example, they cannot be used for measurement in 
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wine ge remains close oving objects. 
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effect of fluid 1 an that of the TN e float passa 
; ity js greater than a he float. Lhe p l , ; l 
its aril i a ~ ufficient to li the floa (ii) The vertical glass tube is subjected to static pressure and any 
affect alone 1s NOt SY" teri 1 it is li j 
am the pressure of the flowing eee Wain surge pressure 1n the system. Therefore, it is likely to break when pressure 
sie the fluid buoyanc) net eet ; | exceeds a particular aia: 
S "a di o the Welz z : : . : ae 
the downward pressur® due tc | oak (ii) Maxiinum size of a jipe diameter is liined OEREN 
7 Anat then rises and tloa ; g 
of the float. The float hen T ion handling problems 
oe Guide Wire 


thin the flowing mee 
Stes at the given pressure. AS a 
float moves upward. an annular gr 
is formed between the inner wall of p 
glass tube and periphery of float. This 


plain the principle of venturimeter with a neat sketch and 
fhe expression for the rate of flow of fluid through it. 
(R.G.P.V., June 2014) 


e 
th for Float 


de 


Transparent. Or 


forms a concentric opening wie Tapered Gan What is venturimeter ? Derive the expressi 

hich the flowing material passes. The oe an pression for measuring rate of 

ie continues to rise until a condition of a flow of fluid in a horizontal pipe. (R.G.PV, Dec. 2014) 

equilibrium is reached where the upward Float ; Or 

thrust on the float, due to the differential l Describe the measurement of flow rate of a fluid flowing through a 
circular pipe. (R.G.PV,, June 2012) 


pressure generated by the metered fluid 
passing through the annular passage 
formed, balances the downward thrust of 
the float due to its weight. 

Now any increase or decrease in flow 
rate will cause the float to rise higher or 
sink lower respectively. Thus, every float 
position corresponds to one particular flow 


Ans. A venturimeter is a device which is used for measuring the rate of 
flow of fluid through a pipe. It works on the principle that by reducing the 
cross-sectional area of the flow passage a pressure difference can be created, 
and by measuring this pressure difference, discharge through the pipe can be 
determined. i 


' A venturimeter as shown in fig. 2.6 consists of following three parts — 


rate. The float gives a reading on a (i) A short converging cone 


calibrated scale etched on the glass tube, (ii) Throat 
from which flow rate can be determined. Fig. 2.5 Rotameter (iii) A long diverging cone 
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2.6 Venturimeter 
er than that of the inlet pipe, thus 


inuity equation. This increase in 
the throat of the venturimeter. By 
the help of a differential manometer 


Fig. 
throat is small 


tional area of 
per the cont 


As cross-sec 
velocity of flow get increased as 
velocity of flow reduces the pressure al 
measuring this pressure difference with 
rate of flow of fluid. i e. discharge can 

Consider a venturimeter fitted in a 
(say water) is flowing. as shown in fig. 
the inlet and throat of the venturimeter 

Let, p; = Pressure at section | 
v; = Velocity of flow at section 1 
a, = Cross-sectional area of pipe at section 1 = 


be measured. 
horizontal pipe through which a fluid 
7.6. Consider two sections 1 and 2 at 


respectively. 


2 
dj 


&la 


d, = Diameter of pipe of section | 
p>. V2. â and d = Corresponding values at section 2. 


Applying Bernoulli’s equation at sections 1 and 2, we get 


2 2 
El olden: aac do egy 
PBB pg 2g 
As pipe is horizontal, hence z) = z, 
2 
Pi _ Pr, ¥ 
Pe 2g pg 2g 
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pi ) v2 2 
ol 7 i s 
pg 2 
r€ 1 P2 ig the ‘van ° 
here ` press i g 
he i pressure head difference at sect 
r A lon 1 
ya s | and 2 and it is 
Substituting this value of Pi -p2 in equati 
p quation (i), we get 
2 
ha a 
M 2g (in) 


Now, applying continuity equation at sections | and 2 


aV] = a V2 or v, = a2V2 


ay 
Substituting this value of v, in equation (ii) 
2 
a2V2 
v a 2 2 
Wea a ae ae ee 
8 g 2 2 |7 
j 5 2g a? | 
aj 
or Vv) = 2gh A 
aj —a2 


V2 = 2g 


Discharge, 


a 
Q = av, = ai 2ch = e 
Ip fo Veh iti 
1 2 a] —a5 


Equation (iii) gives the theoretical disch l ei 
discharge can be given by arge under ideal conditions, actual 


aja 2g 
Qact = Cg 2 > 


Fa a ...(iV) 


[2 
. aj — a7 
ae pi . 
Cy = Coefficient of discharge of venturimeter, which is defined as 
the rati i 
ratio of actual discharge to the theoretical discharge = Qoc . 
th 


.28. is ori 
ME What is orifice meter ? Draw its diagram and give the formula 
r measurement. (R.G.P.V., Dec. 2014) 


Ans. A ifi 

. n (®) = ` . 

works on the e meter is used for measuring the discharge of flow. It 
ame principle as that of a venturimeter, i.e. by reducing the 


~ p 


e can be created, 


U-tube 
Manometer 


«he anifice 


UR 


; woh 

Jow throu , . 

F ne formula 
E ce 


»j hy USI 


deformed and a strain 


t gets 


d to a load. i 


9.29. What do . 
"hen ma za] IS subject : 

Ans. When ¢ material 1s SUOJA ate aie produce thi 
is produced. B} measuring this strain. force or torq p is 
strain can be esumal d. , , 

Strain is measured with the help of stram gauges. Resistance of strain 
gauges gets changed under strained condition and since this change in resistance 
i very small. of the order of 0.2% so for its measurement extremely sensitive 

d. Strain gauges employ circuits 


mentation iS require 
heatstone bridge networks. 

te on mechanical strain gauges. 
auges employ a mechanical means for 


magnification. Earlier an extensometer of single mechanical lever type having 
a magnification of 10:1 was used. This used to work on a long gauge length. 
Now-a-days, extensometers employing compound levers (dial gau ges), having 
a magnification of 2000:1 are in use. They are capable to operate over small 
gauge lengths. The most commonly used mechanical strain gauges are of 
Berry type and Huggen berger type. 
Pe ae of mechanical strain gauge is that it has sel 
ra apite a stem and no auxiliary equipment is needed as in case 
gauges. However, they are only suited for static tests. The hig 


and sophisticated instru 
using potentiometer OF V 
0.30. Write short no 
Ans. Mechanical strain g 


f-contained 
of electric 
h inertia 0 
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> SASU e ts é 


auges mi 

í 

is no method of automatically record 
ding 


re 
qls0 the h 
f : rying Strains, 
f sil Further, there 
and clearance above į 
~ e itin 


accommodate the gauge 
, accommodate the gauge together with its mounti 
` mounting fixtu 
re. 


sufficient surface area on the test the readings, 


order" 
0.31. Discuss the principle and working of resi 
Ans. A resistance strain gauge is a passive a sail strain gauge. 
janical displacement into a change of aaiae p which converts a 
water-like device which can be attached to a aa jo gauge is a thin. 
measurement of applied strain. Metallic strain gauges se f materials for the 
diameter resistance wire, like constantan, or etched from aye i from small- 
esistance of the wire or metal foil changes with length À in foil sheets, 
which the gauge Is attached undergoes tension or pei . a to 
in resistance, which is proportional to the applied sean ssion. This change 
i ecially adopted wheatstone bridge. ` , IS measured with a 
Working of resistance strain gauge is based on the principle 
stress 1S applied on the metal conductor its length se age that when a 
cross-section decreases as shown in fig. 2.8. Since the ae while its area of 
is roportional to its length and inversely proportional to hl of a conductor 
section, the resistance of the gauge therefore increases sith ts ae of cross- 
Resistance of the conductor under stress is also chang A ositive strain. 
in resistivity of the conductor, this property is referred to ai due to change 
t. This is the reason, why strain gauges are also ne ip bean 
e piezo- 


mec l 


effec 
resistive strain gauges. 


Unstressed 


AA 


T Stressed 


` 


m Fig. 2.8 

e most im : 

is a measure of salan aoan of the strain gauges is the gauge factor, which 

AE TE amount of resistance change for a given strain and i th c 
n sensitivi S thus i 

of per unit change ene of the gauge. The gauge factor is defined as the a 

Istance to per unit change in length, i.e. gauge factor. 
AL/L 
Q.32, What i 
. is the use of Bri 
hie f Brittle lacquer method ? (R.G.P.V., Dec. 2016) 


f 


In brittle | 
ac , 
exposed to certain ag method, a special lacquer coating that cracks when 
evels is sprayed onto the object whose stress behaviour 


_ a 
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An additional advantage of thi. bridge is that it 
P r pro iede 


a € omplete temperature 


„Id. a pattern , 
peshe compensation 


sę fract ghe direction of 
hes its ff of al tol tresses in the Stran gauge transducers CAN Measure 
“racks n cipal sires: areticaliy ais i ne ure a very Wide range ff 
oating © ihe P" fact. theoretically there is upper limit, as the elasti e 
es 0 ; F , Aa cmi s ë : Aste mem er N; n - : 
a grain orientations, robust as possible to withstand the load. The lower limit is q ete 
«apal SU ~ kaha 3 J r 3 IS dete ined } > 
fy the mix P stress level of the gensitivity of the gauges, erermined by the 
ently ang cree. al stres . , 
nowiE um principal stress, 35, Discuss any three methods 
par of the man nod can be used on g : hods of force measurement in brief. 
iru at This me of loading Ans. Three commonly used Methods of force r 
0 ua hape 0 type measurement are discussed below — | 
al. ` i oO 
„urement. (i) Balance — A simple lever system shown a 
į by the following means — in fig. 2-9, called as balance, has long been used as a H— 1L —= be) — 
ai ational force on a standard force measuring device. Fig. 2.9 
rs. loped by interaction To measure the unknown force F at a distance L from the Pivot, a mass 
- force deve op m at a distance / from the pivot is used. The system is in equilibrium when 


, of known mass to which FL = mg/ 
y Several versions of such balances are available for various force ranges 


qii) Measure d. fluid press and degrees of dopuraey: 
e to a (ii) Hydraulic Load Cell — In this device, hydraulic pressure is 


; ce iS applie —_ 
the unknown eee the fore en aa 
Trans stic member and measuring the used to indicate the force F, applied to a Force F 


ure and then measuring 


(iv) 
la 
the pressure. sppiving the force t0 some € diaphragm or some other type of force Diaphragm 
(v) jid dii recession of a gyroscope caused by transmitting element. When force F is applied, 
resulting a anie the change 1 : fei l l pressure is developed in the fluid which is 
neue related to the SS e frequency of a wire tensioned | Sormally an oil. This can be measured by a C 
an app"! (vii) Measuring the change 1 pressure indicating device like a Bourdon gauge. ladicater 
jonal features. Such a device can be used upto very large 
by the force. , ir constructiona a 8 “7 3 
Á 0.34. What are load cells ? Gane y ch are used for force measurement forces, of the order of millions of newtons. Fig. 2.10 Hydraulic Load Cell 
34. ‘c devices : T , . 

Ans. Load cells are a transducers. They use an elastic (iii) Pneumatic Load Cell — In this type of load cell air is supplied 
through indirect methods. sae and strain gauges as secondary transducers. under pressure to a chamber having a diaphragm at one end and a nozzle at the 
member as the primary tran ted by hydraulic or pneumatic pressures. s other. Application of force to the diaphragm deforms it and changes the gap 

ber on which there between the extension of the diaphragm and the nozzle, thus changing the 


The load cells can be opera d to any elastic mem 


mo ipi pE them. This arrangement may = pressure in the chamber. If force F increases, the gap reduces and this increases 
pa aaa Pi ay lied to deform or deflect the member, provide pressure p, in the chamber. This increase in pressure produces a force tending 
be used to measure loa : a enough to produce detectable output. to return the diaphragm to fons i 
. Pean are considered in the design of load cells using ae t's original position. For pik 
gauges ae sifness of elastic member, optimum positioning of A r ihe ni force F, the system judicata 
member and provision for temperature compensation. The stil ‘ atl ns equilibrium and 
elastic member should be such that it produces a deflection which IS cal ie eek e P) gives an TE Air — 
with the range of the transducer. Thus, the gauges must be subjected to $ r Ication of the force RUPP!) i ai 
of sufficient magnitude to give a measurable output from the strain a = type of load cell is 
bridge. A bridge with four active gauges is used to obtain maximum sens! used upto 20 kN. 


D 


— Diaphragm 


f 


Chamber 


ing the torque? 
GP Dec. 2017) 
yr couple which tends to 
ye ants ol rotation. The 
yf the body about US axis 
engineering fields, 
at can be used for 


vc nal ` 
\ saics © . ytd a TI ods ih 


ll . 
TM cre: 


TE ri wu wut 1) 7 
E Ji (non yreme! 5 c gious | é cal Ol clectronie methods 
app rhe meas yore a shart T ; 
| rotation rh mar hint € ler roni t h on n distance. Torque i 
ito nee mechan! cane al 4 
se of tore an qsuring fo 
measure určí 

Torgue '* ear 
pven rar < anase of shaft it is 
| is measured in case of she S equal 
ores m as 
where: i ycrance at ™ hich fares 
| sian l 
haft radiu -orgue of rotating shafts of machines 
aan a 10 
hads 0! neasurement ol 
The methods “ ; lies power 
‘ae W supplies P 
may inven’ „urce: the machine “ ue oe 
. x y eT oc re ; PE 
ji) Apo nk: th machine which a 
-> 4 power SIMAN. “vë = 
i A power transmitter. the ee wer Sink 
(in) 4 } 1. and ena es 
. an 
which connects source and ae n 
. , e 
ansmission between pe 
wer t one courte, si an 
ts gs 
The arrangemen i 
js given i 7 Pow 
transmitter Is given in AnS instruments Taille 
B Shaft 
For torque ieee. are | 

dare strain gauges: inducti S pnr 
ose aro-strictive ducers electronic Fig. 2.12 
magneto-stricve transdu 7 ig. 2. 

j , etc. 
techniques. strain gauged Joad cells 
meter ? (R.G.P.V., Dec. 2016) 


0.37. What is the use of dynamo | 
ometer is a device used for measuring the forces or couples 


f rest or of uniform motion of a body. It is 
onal device has been incorporated for 
lly used in laboratories to 


Ans. A dynam 
which tend to change the state of rest 
essentially a brake. in which an additi 
measuring the frictional resistance. It is genera 


determine the power developed by an engine. 


0.38. How are dynamometers classified ? 
be classified into three main types — 


Ans. Dynamometers can 
(ii) Transmission dynamo 


(i) Absorption dynamometers 

(iii) Driving dynamometers. 

(i) Absorption Dynamometers — In absorption dynamomet 
work done by the prime mover under test is absorbed by the frictional re 
and converted into the heat. It is used for measuring the output of m 


er, entire 
sistance 


meters 


achines 


La 
Maz 
ASUTE 
ment and p 
TOC 


dhona miry lap 
Ae’ ( lopin; BBL ei G44 rate poy 


er V: "Orn $ 
' iia Ta: } 
ation Engineering 


us noh 


as follows OPN ON dunn, = 
(a) Mechanical frici -Siers can be classified 
in ‘ Chie ee 
dynamon (cr and rope brake dyn n dynamom, te r } 
amome t 
(b) Hydraulic trier Ta ^5 Prony brake 
i uon dyn | 
j Wor « Te d j 
dynamon ter and Froude water vort m Meter, such as T | 
: , X Ex ch s esla fluid 
(c) Electric; yNamomete Nd Frictio 
, cald ni men n 
i ynamometer, such aS su 
(ii) Transmission Dynamomet winging field dynamomet 
er ~ omen 


In a transmi 3S1ON dyn im 
not wa ‘amometer, 
df Wasted In friction in mi 
ao useful work, after it h- ih 
í -i it lle 
aL itn to Overcome the inheren 
pena Or measuring large powers 5 
a an ission dynamometers are - = 
elt transmission dynamometer 


(b) Epicyclic-train dynamometer 
(c) Torsion dynamometer. 
. (iit) Driving Dynamometers — In these 
is obtained from the dynamometer itself or th 
generator, like an electric motor. j 


work done by the prime mover under test, j 

is transmitted to some other machine to k ‘ 
measured. However, a little power may be i 
friction of dynamometer. They A 
for heat run tests. Important tra 


type of dynamometers, drive 
dynamometer is the power 


0.39. Explain the construction working and u 
> : Se 


dynamometer. of the prony brake 


(R.G.P.Y. 
Ans. A prony brake dynamometer as shown in fio , Jan./Feb. 2008) 
A 


type of dynamometer. It consist 
a revolving pulley by means of ea dia 
Each of these blocks e ban 
fixed to the shaft of an ae et 
whose power is required to be 
measured. The helical spring 
is provided between the nut 
and the upper block to adjust 
the pressure on the pulley to 
control its speed. A long lever 
Is attached to the upper block 
The lever carries a weight W 
at its outer end. Two stops S 
8 are provided to limit the 
Motion of the lever. 
Wh . 
hae. a the brake is 


© prevent this tendency 


2.13, is the simplest 
clamped together on 


pulley. The pulley is 


Fig. 2.13 Prony Brake Dynamometer 


t j m Bi 
ley tends to io i put in operation, the friction between the blocks 
ate the blocks in the direction of rotation of the shaft. 


the long end of the lever is loaded with suitable weight 


l 


stant speed and 
yc 


| pomen! due to the 
he! 


sha! í 
ani A 1 aji e bloe 
i ng! adit” yt Ce n (he wks 
\ hese © janes 
{ . 
TEL 
mi n 
W ml! he pulley. N 
ith on “f ks and l i 
we | he rhe M win hh , 
he le’ palane ap we wer. N à AS} 
any mus! y ace P ç leyt aie Òi the pulley, m 
weigh! stä ni aym vt nin 
he pulk Enel yy the! | shi fro! 
} A avi th h we 
Lel i weg” n 
, wi \ 
. Ho hbe pU 
| an tN 
Raat oven | 
R h cha N m 
y= Spee wiz! R 
Í 
Now SNT WL X 20N . 
må Tl _ Walts 
4 the © nel" ~ 5 ~ O( 
powe! p b Ol 


power measured by this 


the np Tn 
: equa walle. coefficient of friction 
ao OÍ Í e . 

the SIZE ` 
ne ol the nuts. 


ned by YE ` used for me 


exé 


ye can » 
As we 


g torque and power. 
E 
at sketch. (R.G.P.V., June 2074) 


dvnamomere asurin 


nd pressur 


7 i ner with ne 

2: escribe vernier caliper wu | 
| < a precision measur 
‘ts of a fixed 
I mg. £17 © insists C j 

caliper as shown iD HE. ere seen 
acne Fine Adjustment Clamp 


r 
CT l 


Ans. A vernier cali 


There is 2 main scale € 


LV 
Z 
Beam EA 
Fine Adjustment 
Screw 
Vernier Scale 
Outside 
Measuring 
Fixed Jaw Faces Sliding Jaw 


Inside M casuring Faces 


q D 
pma, — Combined Width of Jaws 


Fig. 2.14 Vernier Caliper 


ng instrument. A vernier 
and movable or sliding jaw. 
le on the sliding jaw. 


rhe main scale is marked in 
millimetres. The vernier scale ic mM 
jhose ON the main scale 


jhickness depth and inside 


different accuracies, i.e.. 0.1, 0.02 mm and 0.05 
having a least count or 


conjunction with the main scale. The main scale is marked in small 
of 0.5 mm. Therefore, 


scale is examined to 
determine which of its 
division coincide or most 
coincident with a division 
on the main scale. The 
number of these 0.02 
divisions.are added to the 
main scale reading to give 
the total reading. 


dist 


4 umilar me 
Manner to a rule and is graduated i 


r 
artker inte ay q ma s ht y m ler tha 


This instrument is widely used for i 
Teciqio 


and outside diameter Vernier : liper 


. mm. The 
accuracy 0.02 mm are most 


Sare available į 


Or 
piscuss the measurement by vernier caliper with neat sketch 
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n 
n 


n measurement of length 


n 


ve 
rmier calipers those 


(R.G.PV, Dec. 2014) 


(R.G.P.V., Dee. 2010) 


Ans. In a vernier caliper as shown in fig. 2.14,the vernier scale 


1s read 
g | 12 i 
| division on vernier scale = 95 mm = 0.48 mm 


| division of vernier scale is shorter than 1 division of main scale by 
0.5 - 0.48 = 0.02 mm l 


th 


divisions 


This is known as least count or accuracy of vernier calipers. This accuracy 
can be increased by increasing the length of the vernier scale. j 
To obtain the reading, the number of divisions of the main scale are first 
read off. The vernier 


50 60 


Reading 5127mm 


Fig. 2.15 Metric Vernier Scales 


For example, 
Reading on main scale 
12 vernier divisions 
Total reading 


= 51.00 mm 

= 12 x 0.02 = 0.24 
= 51.00 + 0.24 = 51.24 mm 

0.42. Give working principle of a micrometer. l 

Ans. The working of the micrometer depends upon the principle that the 


“a 


fey es moved by the nut along the screw is proportional to the number of 
» utions made by the nut. Thus, by controlling the number of revolutions 


and fractione af . ‘ ; 
fractions of a revolution made by the nut, the distance moved by it along 


a 


een the measuring faces 


n ya until it begins to slip ane 
movement on the spindle 
yrcular scale ol the thimble, 
i j whole’ T + lg 
a i atum 
= larges coincident with the i 
-cion COME 


A = 0- 
shalf” millimetre = 048 aan 
+ 0.48 = 8. 

0.50 applications: (R.G.P-V., June 2016) 
its ator 18 2 mechanical device for 
jsplacement of its plunger orą 
ing pointer. Dial gauges are available 

0 to 10 mm. These measurements 


dial by ™ ase 
we ment of 0 to 3, 0to5 an ommonly used metric-dial gauges 


> ess of a surface. 
(i) To check the flat ‘ons of a workpiece. 


(ii) To ch -cm of bar and rods. 
nent. 


ions of dial gauge. 


(i) Accuracy can be as high as 0.01 mm. 
(ii) Operating range upto 100 mm. 
(iii) Easy to read. 
(iv) Quick in use if only comparison i 
Limitations of Dial Gauge - 
(i) Does not measure but will only indicate 
(ii) Easily damaged if mishandled. 
(iii) Must be used with gauge blocks to determine measurement. 
(iv) Must be rigidly supported in use. 
(v) Loss of accuracy through number of moving parts. 
Q.48. Explain the construction and working of a dial gauge 


Ans. The essential parts of dial gauge are shown in fig. 2.1 8. Very sligh | 
upward pressure on the plunger moves it upward and the movement is indicate 


bee 


s required. 


differences in size. 


pp q 


Maa suremert anel Prr 
l rodurtior Enginearing 


by the dial pointer. The dial is graduated inta ii 
thie pointer about this scale ¢ orrespond i . IOO dry 
turn of the hand by one scale division ` l i bi ra 
A revolution counter to indicate the i en's a spinel 
millimetres iS Sometimes incorporated is F 
mechanism of dial gauge is shown in fig ji ; ) 
transmitted by means of a toothed rack iironsh fhiis 
C to a pointer D, which moves around dial k compound gear tra 
pressure is provided by a small spring inconpora e 

ated in the | 


Rotatable Bezel 
Transpareat| 
Dial Cover 


- 
` 


Dust Proof Cap, 


Revolution 
Counter 


ET OO TT 


Stem 


Plunger 


Removable 
Contact Point 


Fig. 2.19 Mechanism of Dial Gauge 
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Mechanical Engineering 
The dial pange is adiusted to zero by either turning the rim of the dial 
turning the head of the plunger while hoiding the dial gauge stationary, 
Dial gauges are used to true and align machine tools, fixtures and w 
to test and inspect the size and trueness of a finished work to an Accuracy ; 
0.01 mm. of 
QAI; Describe the construction and use of dial gauge. 

A (R.G.P.V., Dec. 2015 
Ans. Construction of Dial Gauge — Refer Q.48. ) 
Uses of Dial Gauge - Dial gauge is extensively used in industries. So 

uses are given as follows — Me 
(i) To Check the Dimensions of Workpiece — Firstly, dial gauge ; 
mounted on pillar stand. Now it is placed on known standard (i.e., slip gauges 
and at this position, the pillar stand is locked so that dial gauge remain in oe 
Position. But before it, the reading of dial scale is set to zero and locked, No € 
dial gauge still having this position is crossed to the workpiece which į 
positioned on the same flat surface, any difference between the Original g ettin 
and the face being checked can be read off the main scale. Refer fig. 2.20, 


> Op 


DialGauge =e 
g as 
= n v — 
v s = 4 fı A 
v E ov He °° `M 
= = oo i e ` 
= os u ' ` 
= ZO A 
ao us a I 
ii poga / 
“F e Alor % ¢ 
i] 
= i 
=] v 
a.e => 
=u Su 
oS = 2 
[=| Nn . 
a= Workpiec 
na E PES) piece 
A = 
A 


Surface'P late 
IMMA 
Fig. 2.21 Use of Dial Gauge 
to Check Parallelism 

(ti) To Check the Parallelism of Workpiece - The dial gauge is set 
at one end of the component and the reading is noted. The plunger is then 
moved across the face of the workpiece, if the two faces are parallel the 
reading does not change. Refer fig. 2.21. 


Fig. 2.20 Use of Dial Gauge 
to Check Dimension 


(iii) To Check the Roundness of a Component - Ween | 
whose roundness is to be checked, is placed in vee block (shown 1n fig. 2.24). | 


face an 


Now the dial gauge plunger is brought into contact with the upper he dil 


datum reading can be taken. If the workpiece is now slowly rotated, t 
gauge pointer remains stationary for a truely round surface. 


Dial 
Gauge to Check Roundness 


(iv) To C ý 
concentric wh heck t hcentri “a 
en diameter of ; CY of a Sh 
the Concentricity of g shaft ae both end ar aft ~ A shaft IS said to b 
a a 
lie on the centre line of the A Orkpiece is Minter al axis, To che ‘ 
e 


Mpone 


brought into co . ; c 
8 ntact with each diameter À ow © plunger o 


rotated. For true co +s f dial g i 
. Ncentricj . wW : sauge js 
Refer fig. 2.23, ty, the pointer o h orkpiece Can be slowly 
€ remains statio 
nary 


9.50. Explain the 
instruments — 


(ii) Micrometer. 
Q.48 and Q.49. 
Q.44 and Q.45, 


Ans.(i) Dial Gauge ~ Refer 
(ii) Micrometer — Refer 


SLIP GAUGES, SINE BAR AND COMBINATION SET 


Q.51. Define the following - 
(1) Slip gauges (ii) Angle gauges, 

Ans. (i) Sli . 
blogs ee id coo slip pages or gauge blocks are rectangular 
They are hard g Sie having a cross-section of about 30 mm x 10 mm. 
ji ar ened and finished to a high degree of accuracy. The size of the 

IP gauge is determined by the distance between two opposite faces. 
_ (ii) Angle Gauges - An angle gauge is a hardened steel block 

sal Oximately 75 mm long and 16 mm wide which has two lapped flat working 
“ces lying at a very precise angle to each other. 


Se 


ether to form desired 
ye , 

. cludes a square block, 
il 


m 4 x 
W yich als p G.P. V. June 2013) 


y accepted standards 
arsa c , i 
as > 


ag, The te 
angles: „ite short nO sks are ; 
te S se bloc™ 4 standares are made 
Q.52- w aes or gaus“ be working S! pangeability, they are made 
Ans: Slip gaue*" They at he eee terché . national standards. In 
f length in ir oie tems Of and othe inch units and letter M 
of Tene lip gauges“ o go IS: B> ig used tO ee i 
since the p according : ves, letter ple nt fo lowing bee oN 
in inch and E a set of SIP ee or pieces MASE inch unit and are 35 in 
` y y oT ale ar ë 
designation ¢ - units- Numbe hose blocks p are in mm units and are 
is used for 35 refers 10 as set whose bloc 
For example. i > M87 refers t0 °° 


number. Sim ar!) 
87 in number. . och unit are ~ 
Sets av lable y ga 49. E41, E 35. E 28 
metric units are er M27, M86, M45 and M38. 
M105, M 7, M50. ns grade steel. They are hardened 
i are produced oo me high dimensional accuracy 
Most slip m treatment process to a he a tunestell carbide, which 
and stabilised by a nea anufactured tro 8 Ke 
and stability. Slip gaus also a vant material, although these ee pra! 
i n . ip gauges me 
apache than the steel gauges- Sometimes the ee a a, 
more expense at bviously eliminates the danger : ; 
plated. Chrome plaung (0) nsed sas ie the smaller length pieces 
All above metric sets are ea practice, however is to use 2 mm based 
have a basic length of 1 mm. Ir IMa ffer less deterioration in flatness 


d likely to su b : 
pi eens enee eran In such a case the designation 
an s ar s 


of M33 set will become M33/2 emphasizing that the set is 2 mm ene ic 
The slip gauges are made in five grades of accuracy. The higher gra 


of accuracy, namely ‘calibration-grade’ and * grade-00’ are used in aera 

with high-magnification comparators. The lower grades of accuracy, y 

grade-0, grade-I and grade-II are intended to be used as — l l r 
(i) Grade-0 slip gauges are used in workshop for inspection an 


high accuracy work. 
(ii) Grade-I slip gauges are use 


components, tools and gauges. 
(iii) Grade-II slip gauges are used in the workshop for rough checks. 


Uses of Slip Gauges — Slip gauges are used for the following purposes ~ 
(i) For direct precise measurement where the accuracy of the 
workpiece demands it. 


l (i) For use with high magnification comparators, to establish the 
size of the slip gauges in general use. 


Sets available i 
M112. 


d for the measurement of 
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Slip gauges are also used for checking the accuracy of 
+ of a measuring 


instrument or setting up a comparator to a specific dimensic 
h > ension, e i 
patch of components to be quickly and accurately checked —- 


Q.53. Explain procedure of wringing of slip gauges 

Ans. Start wringing with the largest sizes first. Avoiding te 
measuring faces with fingers and handling the gauges as little _ pe 
place two faces together at right angles and with mease sie rena 
90°. The action should be smooth and with constant pressure i ap sie 
roughness will show probable dirty or damaged faces and the eat be 


stopped and the gauge faces examined. When the largest gauges have been 
assembled, follow with the others in order of decreasing size. 


(a) (b) (c) 
Fig. 2.24 Sequence of Wringing Operations 
Q.54. What factors should be considered for care of slip gauges ? 
Ans. The following points should be considered in care of slip gauges — 
(i) Gauges should be stored in a box when not in use. 
(ii) Measuring faces should not be touched with fingers. 
(iii) Gauges should not be wrung together over an open box of gauges. 
(iv) Accuracy of gauges should be checked at proper intervals. 
(v) It is important that the measuring faces are clean and undamaged 
before wringing gauges together. 
(vi) Gauges should not be wrung together for longer than is necessary. 
(vii) The gauges and their case should be protected from dust and dirt. 
(viii) As far as possible, the gauges should be used in air conditioned 
rooms free from dust and maintained at constant temperature. 
(ix) Every care should be taken to protect the gauges from getting 
magnetised, otherwise, they will attract metallic dust. 
(x) During actual use the gauge blocks with their working surfaces 
should never be placed on the surface plates etc. 


R What is a sine bar ? Give its working principle. 


i Ans. A sine bar is essentially a hardened steel beam mounted on two 
ardened cylinders at a known distance. The holes are drilled to make it lighter. 


D <a 


: istan 
cylinders pe ne bar is ShO“ 
7 


om sine-bar. $> o api 
mm iple of sine bar 


rincl 
The p seal 


~ Sine bar is used for prec 
of.angles of any component Y ; 
ately smooth. Sine bar 1S US 
\ p gauges. 


hose S 


is accur 
conjunction with sli 
surface plate ets- 
angle using sine b 

Ans. A sine bar is 


any component W 
with slip gauges, dial gauges and su 
& sine bar are as follows — 

(i) To calculate the angle of 


a small component. 
(ii) To calculate the angle of 


a large component. . 
(iii) To calculate the angle of 
taper plug gauge. 

Method of measurement the angle 
of a small component using sine bar is 
discussed below — 

Sine bar is used in conjunction with 
surface plate, slip gauges and dial 
indicator. Firstly, the component whose 
angle is to be measured, is mounted on 
sine bar as shown in fig. 2.27, then one 


is the use of sine bar 
ar with neat sketch. 


ach 
] to ached “ 
‘ ; ` are at Ê 
urface cylinders A a, Sine net 
s 0) ae ; 
A n t0 s . Enown as 
of 100 mi A 100 mn : = 


s used 10 : 
dial gauges and 


basically used for preci 


Contact Rollers 


Fig. 2.25 


c 


Fig. 2.26 
9 State the process to measure any 
(R.G.P.V., June 2011) 


ise measurement of angles of 
nooth. It is used in conjunction 


hose surface is accurately sn 
rface plate. Three most common uses of 


Dial Gauge in 7 
Ist Position 2nd Position 
ons 


1h en 


Datum Surface 


Fig. 2.27 


D 


nt and f roduc g 
7O g A 


'uges until the work 
arallelism of work 


side of sine bar is raj 

side : he bar is raised by mean 

parallel to the datum surface hi s of slip g; 

dial gauge is used. "0 check the p 
Therefore, 


0 msi 
L 


where, H = Total height of sli 
. SH t j 
L = Sine bar length. P gauges 


0.57. With neat sketch 
. es, explain the ; 
(i) The angle of a large onn of sine bar to calculate — 


(ii) The angle of taper plug gauge 
Ans. (i) Te | 
( ') To Calculate the Angle of Large Co 
component is so large that it cannot be mounted on bs Pi ee 
ar, the sine bar can 


be mounted on the component as sh 

Own in fig, , . 

js measured by means of vernier height caine eo S 
è ore, 


(o) ssn =i 
L 


(ii) To Calculate the An 
gle of Ta 
for measurement of taper plug gauge i no ie te — Arrangement 


surface js 
surface. the 


Surface Plate 


Fig. 2.28 Measurement of Taper Angle of Taper Plug Gauge 
The taper angle of the taper plug gauge will be given as 


26 = so" B | 
where, 20 = Cone k 
, ) angle of taper plug gauge 
h; = Height of the slip gauge pile at one end 
hy = Height of the slip gauge pile at other end. 


Bx Esplai how sine bar used for setting an angle and for finding 
RIE GREE: (R.G.PV., Dec. 2015) 


— 


par can be used to 
vas bi 


mu 
g „AS o first placed ona 
an An C sat! 
e sin irod t0 produced the 
u 


4 


Slip 
Gange 


— Refer Q.56, 
(R.G.P.V., June 2013) 


for Finding @” unknown Angle 
or 


and application of sine 
(R.G.P.V., June 2015) 


Or ; 
ee ith the help of neat diagram. 
What is a sine bar ? Explain its use © (R.G.P.V., Dec. 2011) 
Q.57. 
following instruments — 
(iii) Sine centre. 
(R.G.P.V., March/April 2010) 


Ans. Refer Q.55. Q.56 and 


0.61. Differentiate between ~ 
(i) Sine bar (ü) Sine table 


Sine Bar - Refer Q.55. 
sually sine tables are us 
Jes) but it can also be u 


Ans. (i) 
(ii) Sine Table - U 
two planes (1.€. compound ang 
radial measurement. 
Fig. 2.30 shows the us 
for measuring the thickness t 
at the zero mark on the tapered 
block A, the taper being 0.0025 T 


ed to measure angles in 
sed for linear as well as 


e of sine table for linear measurement. The set up 


Slip Gauges 


in/in or 0°3'26". The table is 
tilted to angle 0, i.e. tan`! m 
0.0025 equal to 3'26" by means 
of slip gauges pile, the height of 
which is L sin 0. The face PN eog 
is then parallel to the base RS Fig. 2.30 Sine Table 


SL Slip Gauge 
Piles 


Measıiro 
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(iii) Sine Contre — jı is diffieut 
TOUTE te 


in this case sine centres are used 


! MOnt 


gine centres consist of a sell 
ontained sine bar, hinged at one 
rolle! and mounted on its own 
datum surface. The top surface of 
the bar is provided with a pair of | 
centres for holding the work as 
shown in fig. 2.31. Due to the work 
being hold axially between centres 
the angles of inclination will be half 


the included angle of the work. 


7 | i Fig. 2.3] 
Sine centres provide a conventional method of measuri 
: Ing 


taper plug gauge. 


Q.62. What precautions should be taken i 
checking angular dimensions ? while using sine bar for 


the angle 


Ans. Precautions while using sine bar for checking angular di 
Pee ecking angular dimensions 
(i) The rollers must be of the same diameter 
(ii) The distance between their centres, i.e 1 250 
must be absolutely correct. 3 2 conan ote 
(iii) The centre line of roller centres must be ab 
l | wi 
bottom and top edges of the bar. aa 
(iv) The measuring faces of the slip gauges should be clean and 
undamaged before wringing together. If difficulty is experienced then the 
measuring faces should be closely examined for small scratches . 
(v) Measuring faces of the gauge blocks sh fi 
ould g 
that the risk of tarnishing is minimised.. aii 
(vi) In slip gauge pile the large size gauge is i 
ei ee large size gauge is placed at the bottom and 
mi (vii) Every care should be taken to protect the gauges from getting 
agnetised, otherwise they will attract metallic dust. oO 


Q.63. Explain the construction and use of a combination set. 

Ans. A combinati (R.G.PY., Dec. 2012) 
eel rule with att a ation set is the common commercial variation of the 
fitting and m w ents. This is very useful instrument frequently used in the 
he sliding a ine shop. It consists of the steel rule, the centre head, 
used ge as beam, the protractor head and a scriber. The three heads are 

Parately being held in at any desired position by nuts which 


at ts hack. The Deam 

n mecles or ccnume tyes 

n raguired. Length of 
ix shown in fig. 2.32. 


Revel Protractor 


SO 


— J 


protractor Head 


spirit Level AJ 
Q 
Q 
Q 


Square Head 


DSSS 


Fig. 2.32 Combination Set | 
Je and the sliding head to square a piece 
° pa ge determine whether one or the other is 
he ne it is possible to layout 45° angles as well as 90° 
g2 33 (c). (f)]. A scriber is inserted conveniently in 
` By setting the steel rule flush with the sliding head, 
i i fig. 2.33 (a)]. Also by loosening the 

‘t may be used as a height gauge directly [ 
T possible to use the combination set as a depth gauge where micrometer 
accuracy is not necessary [fig. 2.33 (d)]. The steel rule can be removed from 
the head, permitting the use of the sliding head and the rule separately. The 


It is possible t 
with a surface and a 
plumb. Also by using 
angles with the head [fi 
the head for this purpose. 


Try Square and 
Height Gauge 


of Disc 


(c) 


Mea 311 ? nent and f TOK ¢ Nn ft ng "eer n 8 
9I chy tio = 1 } g 
p who, a] 


1 
/ 


Face A is Parallel 
Plumb and Scribing 
(d) (e) 

Fig. 4.33 Uses ofa Combination Square 
head can be used as an ordinary level, By substituting the centre | 
sliding head, a centre square is obtained for finding the c > ie, sae whole 
components [fig. 2.33 (b)]. The centre head js slotted i he wie ` ii 
rule, when inserted, bisects the 90° angle. In this way the ae i t i a = 
pecome tangent to the circumference of cylindrical objects an , ible to 
jocate the centre of a bar. ——— 

The protractor can be inserted on the steel rule in the same manner as th 
centre head and the sliding head. The revolving turret can be graduated in de je 
from 0 to 180 or to 90 in either direction. Also the head contains a spirit les el to 
facilitate the measuring of angles in relation to the vertical or horizontal iiae 


VZ ZZZZA S piril Level 
Z DU 4 ‘ 
Yt iy Ascertains 


: A ; 
~ y UNUA 


Q.64. With the help of a neat sketch, explain the working of a 
combination set, mentioning its uses. Also give a neat sketch of a sine bar 
set up for measuring an angle of a workpiece. (R.G.P.V., Dec. 2013) 

Ans. Refer Q.63 and Q.56. 


0.65. Write a short notes on - 
(i) Combination set (ii) Sine bar. 


Ans. (i) Combination Set — Refer Q.63. 
(ii) Sine Bar — Refer Q.55, Q.56 and Q.57. 


Numerical Problems 
i Éi. F ind out the taper angle of workpiece if consecutive height of 
7 s o ends of sine bar from the surface plate is given as 10 cm and 5 cm. 
e length of sine bar is 10 cm. E (R.G.P V., June 2010) 


Sol. Given, h, = 10 cm, h, = 5 cm, L = 10 cm. 


We know that, taper angle of workpiece 


(E 


(R.G.P.V., Dec. 2014) 


Ans, 


ION 
OF RODUCT 
ECTRY, WELDING, ETC, 


o a refractory mould with 
n idify. After solidification, 
sould. : 
“ced for casting, however, they 
ii surface finish. Thus, now-a- 


davs metallic mou and disadvantages of casting processes ? 
9.67. Whai are the advantages 
bidi tin Process — ‘ 
Ans. advantages of se i pa most versatile manufacturing processes, 
Casting we ised for any intricate shape internal or external, 
=) Casting ¢ be cast. 
pa rial whether ferrous OF non-ferrous Can B EA 
poau | required for casting moulds are very SI™P h ihis 
a n ! i 
Stopes difficult and uneconomical to obtain by other met ods 
(iv) 


can be obtained by casting. like those of power plants and mill 
A Very , and bulky parts (like 
(v) Very heavy an ol to get fabricated may be cast. 


<j hich are otherwise =A : 
housings) ae With the casting Process: it is possible to place the amount of 
(V1) 


ial where exactly required. Thus, a weight reduction in design can be 
material W 


ieved. o, l 
i (vii) Castings generally do not have directional properties, because 


they are cooled uniformly from all sides. as 

7 (viii) Castings can be designed for equal distribution of loads (on all 
members of a product) and minimum stress concentration 1n order to achieve 
more strength and increased service life. 


(ix) The number of castings can vary from a single item to a 
thousands. 
Disadvantages of Casting Process - 
(i) For many applications, the dimensional accuracy and surface 
finish may not be adequate. 
(ii) Sand casting process is labour intensive. 


Gü) A complicated sequence of operations may be required for metal 
casting. 


"O 


Measureme 
: : nt and Producti . 
(iv) Withsome material “en Engineering 83 


. S itis oft i 
` to the moisture . en difficult to rem 
out due Sture present in s; O remove def isi 
sand castings efects arisin 
gs. ze 


0.68. PRENE various methods of castin 
Ans. Various methods of c 
(i) Die casting 

(ii) Centrifugal casting 
(a) True centrifugal casting 
(b) Semicentrifugal casting 
(c) Centrifuged. 

(iii) Investment casting 

(iv) Continuous casting 

(v) Malleable casting. 


g. Define an 
a í y one o 
asting include f them. 


Die Casting — In die casting, the m i 
into split metal dies which aty a aoan ae Mpm 
a fraction of a second, the fluid alloy fills to entire die oeaan ai ae 
details. Due to the low temperature of the die, the casting ashidsties nee 
permitting the die halves to be separated and the casting ejected. If the parts pa 
small, several parts may be cast at one time by using multiple cavity die. 

This process is particularly suitable for lead, magnesium, tin, and zinc 
alloys. The advantage of die casting practice lie in the possibility a obtaining 
castings of sufficient exactness and is the facility for casting thinner sections 
that cannot be produced by any other casting method. j 


0.69. Differentiate between moulding and casting. 


Ans. The casting process has the following plus points, as compared to 
the moulding — 


| (i) . The process is particularly suited to the parts which contain 
internal details that are too complex, too large or inaccessible, to be easily 
produced by the machining process. 


(ii) The casting process is advantageous to cast complex parts in 
large numbers, especially of non-ferrous metals and their alloys. 


(iii) For producing one of a kind part, in a variety of materials. 


a (iv) For processing precious metals, since there is little or no loss of 
material. 


E Parts made by casting process are isotropic, which can be an 
characteristic in some applications. 
0.70. State advantages and disadvantages of die casting. 
Ans. Advantages of die casting are — 
(i) Very high rate of production is achieved. 
(ii) Close dimensional tolerances of the order of + 0.025 mm is possible. 


oys- Sas 
fer a he maximum size is limited 
cast INT ating machines available. 
a die C® F i 
Me ment is high. 
orosity due to the entr apped air, 


: ies al 
ize of the dies 


. anc 
a (iv) Cost © = suall ; contain > 
n g 


es. 
ie casting P , 
(x) Dies iş poured into moulds while 


e of the mould at the axis of 
nto e der sufficient pressure towards 
ees resent being | ghter in weight 
ite go machined out any way, 
is 1 ce inwards, thus developing an 
e wall. This is caused by the meeting of 
-n the centre ‘ -on and the entrapment of impurities in 
and the castings are completely free | 
forced movement of the molten ie si 
d castings which are less eae A cae see 
making dense and Sou os, The use of gates, feeders, ane cO 
variations thar ~iallc castings. aco mplicated. 
making the method st iron water supply and sewerage 


Tindri jes such as Ca : 
Hollow a re symmetrical objects, such 7 Ie 
Pipes. ae ae onvenienty cast without core by the centrifugal casting, 
wheels, pulle 


(ii) Centrifuged. ‘aca 
. . i ds of rotation 
(i) True Centrifugal Casting - This employs moul id rotates 
ite. The melt is poured while the mould r 

symmetry made of steel or graphite. The melt 1s poure uitable angle 
at its axis, which may be horizontal, vertical or inclined at any S oan 
between 0 to 90°, although horizontal axis of rotation is a more common ee 
While rotating, the molten metal is carried to the walls of the cavity > ase ofa 
force. The metal then solidifies forming a hollow casting without t r nae 
central core. The outside of the mould is water cooled to accelerate soli mate 
By proper control of flow rates and movement of the pouring orifice, ieee j, 
large tubes of very uniform quality and wall thickness can be cast. If des! 


; ` cylindrica 
the outer contour of the casting can be varied, while the inside remain cylindri 


| 
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This method is ideal for hollow c 


l , ylindrical casti . 
gun barrels, cast iron pipes, etc, tings such as bushings, 


Jows outward to the rim by the centrifu 
in the casting, a 
for the hub portion. 

This method is generally employed for makin 
are $! ymmetrical about their own axis such as ge 
and pulleys. 


(iii) Centrifuged — In this process several identical or nearly similar 
moulds are located radially about a vertically arranged central riser or sprue 
which feeds the metal into the cavities through a number of radial gates. The 
entire mould is rotated with central sprue which acts as the axis of rotation 
Thus, it is not a purely centrifugal process. 


Top Rollers 


S required 
gate acts as a riser 


g large-sized castings which 
ars, disked wheels, propellers 
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Bottom Rollers 
Fig. 2.34 Centrifugal Casting 


This type of casting is suitable for small, intricate parts where feeding 
problems are encountered. This method can be used to advantages for stack 


moulding ofsix or more moulds mounted one above the other. 

pe gai the different types of pattern allowances. 
(R.G.P.V., Dec. 2017) 
Ans. Patterns are usually made of size larger than the actual required size 
of the casting. This is called providing allowances. Allowances are mainly 
provided to compensate the effect of solidification of metal to be cast otherwise 

the actual product will be of undersize. 
Various types of allowances which are usually provided on a pattern are — 
(i) Shrinkage allowance (ii) Draft allowance 


(it) Machining allowance (iv) Distortion allowance 
(v) Rapping allowance. 


— ae 


S ' ş metals 


hi | sattern for cast Iron, the Pattern 
ich is MR E . y a pe 

1 contraction rule pu cons 
( o 


f syample ~ai 

length. For i z i a asring 

cer uses ä ie ) 
et ane 7 therefore there 1$ ee 
\ master pattern fron 

ance. 
lowanc en a pattern is drawn from a mould, 
a the edges of the mould. This dange; 

$ . 
are tapered j 
if the vertical surfaces of a ai - ton i svar 
slit j es 

sigh Spine ; inward on the vertical surfac : O 
slightly. This slight taper in E sh 
x the draft Draft may be express 
as . 


st iron shrinks 

conventional rul as 

have different shrinkage 

metal used in a eer we 

may have double shninkag ' 
) (ii) Draft Allowance ot 

there is always some possibility 0 


wn 


OF in 
d the amount needed in each case depends upon — 
ai (a) Length of the vertical side 
(b) Intricacy of the pattern 
method of moulding. 
Unde badea the draft is about 10 to 20 mm per metre on 
nder n 


ior surfaces and 40 to 60 mm per metre on interior surfaces. 
externo] 


(iti) Machining Allowance - Rough surfaces of ca 
to be machined are made to dimensions somewhat over those 
finished working drawings. The extra amount of metal provide 
to be machined is called machine finish allowance and th 
surfaces are indicated by a finish mark V, or 
to the pattern depends upon — 


(a) The kind of metal to be used 


(b) The size and shape of the Casting 
(c) Method of moulding. J 
(iv) Distortion or Camber Allowance ~ Some castings, because of 
their size, shape and type of metal, tend to warp or distort during the cooling 
period. This is a result of uneven shri ge and is due to uneven metal thickness 
or to one surface 


$ being more exposed than another, causing it to cool more 
rapidly. The shap 


stings that have 
indicated on the 
don the Surfaces 


e edges of these 
F. The amount that is to be added 


E Pe o hus bent in the opposite direction to 
Overcome this distortion. This feature is led distortion or camber allowance. 


llowance — A Pattern is shaken or rapped 
ooden piece fr i i 


cal 


t , 
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Hence a negative WOwance : sults ; . 
are Kept smaller in omen OVided an In bigge Sized castin 
al om. | Order to “OMPensate t : he Pattern qj 
lid Me lhis '$ called APping or shag, Plar of mould mensions 
normally provided only to large ¢ a sie y llowance Shakir itl due 
negligible and can be ignored. IZS h ause ase of sm i i Owance js 
; Castings, jt is 
Q. 73. What Is Carpentry ? 
Ans. Wood obtained from he trees is the p.. 
the nomie decore, commercia] and industria] a raw Material for many of 
wood is termed as carpentry and Joine Products, Ap, type of i ‘ 
Carpentry involves Cutting, sha in 
materials) together to produce an artic] g fastenin 
required to make Wooden 


$ S g Wood ( . 
A ’ While joinery eas e any Other 
articles, Th 


p 
e 

deals with + ae 
ec J „ various joints 

. TY 1S refe . 
work such as making roofs, floors, partitions, etc of beet nstructional 
and various carpentry tools. Th is liding using wood 

windows, cupboards, dressers, stai 


Ta buildino 
5. 
Ans. Various tools used in carpe 
: n : 
main categories — arpentry May be classified Into following 
(i) Marking and 


(a) Rules 


measuring tools 


(c) Try Square 
(e) Mitre square 


(g) Markin 


8 gauge 


(i) Sprit level and plumb bob. 
(ii) Cutting tools 


(a) Saws 
(iii) Planing tools 


(b) Chisels 


(a) Jack plane 


(c) Axe. 


(b) Trying Plane 
(d) Plough Plane 


(b) Auger 
(d) Brace 


(b) T-cramp 
(d) Hammer 


(b) Pincer in 
(d) Scraper ki 


furniture. handicrafts 


S 
p, widening and 


fol framin 


are *" A ar} | “arpe or 
nis- vag of joints used in carpentry can 
po t DAE ror š 
Various i new ork and carcase work. Joints 
7 tral . , x iyi 
ges. Vi ap jai mortise and tenon Jont, and 
half lap ; 
ide hall 
eane it . ad joint, dowl joi 
which cous . work are butt or rubbed Je VI joint, 
bridle Jor": ch some in carcase \ J slot joint. 
Joints Wh joint. anc screw an” re dovetail joint and corner joint 
= 21 . S , 4 JF, ~“ b . 
tongue and groove’ . yrtanil carpentt) a 
j < other import coupe 
Some other ! ee ations. 
elding ? Ve its applic -aJar or dissimi 
76. What is We EES o similar or dissimilar metal 
. sess of joining uate : . in 
Oee ‘on of pressure and addition 


without th geet g metals and their alloys, 


in fabrication of automobiles, aircrafts, 
hinery. home appliances etc., as an alternative of 
riveted or bolted joints. Welding is also 
tal at a crack or to build up a small part 


however it can 


Now-a-days we 
: mac 


lacement of 


jding is extensively 


casting or forging OF as a rep 


used as a repair M 
that has broken off such as a gear t00 


Q.77. Give a detailed classification of welding processes. 
Ans. Welding can be broadly classified into following two categories ~ 
(i) Plastic welding (ii) Fusion welding. 
(i) Plastic Welding - In plastic or pressure welding process, pieces of 
metal to be joined are heated to a plastic state and then forced together by external 
pressure. In this method no filler material is used. Plastic welding may be further 


classified as follows — 
Plastic or Pressure Welding 


Cold Pressure 


Blacksmith's Resistance Friction 
Forge Welding Welding Welding Welding 
Spot Seam Projection Upset Butt Flash Butt Percussion 
Welding Welding Welding Welding Welding Welding 
(ii) Fusion Welding — In fusion or non-pressure welding, the edges 


of the workpieces to be joined are heated to a temperature above the melting 
oe of and then allowed to solidify. A filler material is used during 
n welding. Fusion welding may be further classified as follows — 


joints having specified properties such as definite 
ve 


‘4. 
’ 1 
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Q.78. Define weldability of metals. 


Ans. Weldability is defined as the Capacity of being welded int 
= O mseparable 


id strength. prover 


structure, etc. This means that if a particular metali h 
it must be welded readily so as to perform satisfactorily Da PRD 
satisfa y in the fabricated 


structure. The real criterion in deciding on the weldability of a metal is th 
JU Gal al is the 


uality of weld and ease with which it can b i 
ds e obt 
Weldability depends on the following ~ 
G) Thermal conductivity (ii) Melting point 
(iii) Surface condition (iv) Thermal eanan 
(v) Change in microstructure. a 
If these characteristics of a metal are ; 
ule considered undesir: inmate 
to weldability, they may be corrected by proper shielding re “ f . ps i 
welding procedure, proper filler metal, proper fluxing anes - proper 
cases by proper heat treatment of the metal before and after deposit w some 
S10L0N. 


0.79. What do you under- Torch Tip 
stand by gas welding ? Describe 
in brief. 

Ans. Gas welding is a 
technique of fusion welding in 


which heat for welding is obtained 


by the combustion of a fuel gas. iN / 

The edges or surfaces to be joined ZY) f AA 

are melted by the heat of a gas | 

flame at very high temperatures. N NNN WN X 
N N 


The molten metal is allowed to 

flow together and a solid  ™ltem Weld 
continuous joint is obtained when aa 
the molten metal solidifies. The gas 
Welding is particularly Suitable for 


Welding Rod 


Direction of 
7 Welding 


Base Solidified 
aia Weld \ 
Metal eld Metal 


Fig. 2.35 Gas Welding 
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joining Metal sheets = p eae. 
a. : hickness more than TS mm additional me tal (Known as fille Me 
sheets of thicknes 


i Welding rod is melted into the gap between the two Dats 4 
the form of welding red 


ie flux is also used during welding to sua impurities and OXides Pres nto 
the surfaces of metal to be Joined so as to obtain a good weld quality, The Dri à i 
of gas welding is shown in fig. 2.35. Ple 
Q.80. Describe in detail the process of oxy-acetylene gas wel ding, 
aa nas aie aa 

producing hot flame. Oxygen is usually prepared in factories by liquef i i 
and separating it into its component parts by rectification. From factories eis 
available under high pressure in cylinders fitted with pressur >At ig 
obtain it at desired pressure for welding. Acetylene is also produ 
however it may also be produced at welding 


Ans, In oxy-acetylene welding oxygen and acetylene 


e regu 
ced in 
places for many appli 

The chemical reaction for complete combustio 
is as follows - 


lators i 
factorieg 
Cations 
n of OXygen and acetylene | 
2C,H, +50, — 4C0, +2H,0 

Thus. for complete combustion, ratio of Oxygen to acet 
But for most of the general welding purposes, oxygen and 
mixed in equal proportions. Under this Luminous Wel] 
condition following chemical reactions aes White 
takes place — T 


Envelo 
em perat pe of 
3200°C "e Outer Flame 


(1200°¢) 


ylene ig 2.5%], 
acetylene are 


C-H, +O, = 2CO +H, 
2C0 +0, —32C0, 
2H, +Q, —— 2H,0 


Torch Tip 


Fig. 2.36 Oxy-acetylene Gas Flame 


AS We can see complete combustion takes place in two phases. From the 
oxygen and acetylene as obtained from torch incomplete combustion takes 
place producing CO and H3. This reaction takes place at inner cone of the 
flame, where the highest temperature is obtained, clearly visible by a well 
defined white inner cone (fi g. 2.36). CO and H, produced in first stage further 


combine with atmospheric oxygen and give rise to the outer bluish cone. 
Temperature in the outer cone is about 1200°C. 


When acetylene is mixed with oxygen in correct proportion in the welding 
torch and ignited, the flame is produced at tip of the torch, sufficiently hot to 
melt and join the parent metal. The oxy-acetylene flame reaches a temperature 
about 3200°C, thus can melt all commercial metals and causes them to n 
together to form a complete bond. A welding rod of filler metal is generally 


added to the molten metal pool to have greater strength. 


on p 
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“In are wW ä 
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electric are fess Idin 


med p tre m 
electrode act a ca hase eldin I3 Oty: rc welding 
Ner) 
and then Separ m ctors of | Nd ele, rode “py! Y meang o 
i e Ir g e rr n 
mi heat wW h quic per a a Nie, Vhich re tom, hin ind 
lel j , ts ice an Ed loge 
n a 4 Which get 5 lidifi ’ S e Wr i de tit bas Mig x a the 
ne 0] ~ Tates 
Various are Welding Ma 1 DOM] of Nolte, 
Ods ; s 
(i) Carb S are as Folloy 
Gi) Metal yan eling 
etal j ert gas arc weld; letal ar weld 
(iv) Tungste : Ing (MI “ding 
sten Inert gas c weld; 
( Atomic gen ar elding (TIG) 
c Weld; 
(vii) Submerged ar : ding (vi) Plasm: , 
(ix) El v welding i poa aT welding 
3 ul i 
ectro slag weld ng ) Flux cored are w sidino 


he . 
parts. Heat required for welding is a sed Method of joining « 
between base metal “med by means of an direa 
When tw d The principle of arc formation i in 
© conductors Of an electric Circuit ee 
then separated by a smal] “Te touched ı 


Clent to Maintain the flow of Current 


arc crater, is termed as arc 
length. Arc length should be 
kept 3 to 4 mm, so that the 
globules of molten metal during 
deposition Should have the 


isso Gas 
Ma Cover 


Q ` 
O 
À Wy 


Direction of —— 
Travel 


Depth of 
Penetration 


d . r . X olidifi 
Smallest possible chance of on Are Crater aa 
coming i i i 

ang in Contaci with Fig. 2.37 Arc Welding 
ambient air to avoid oxidation. 
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Both A.C. and D.C. supply can s | = 
, Pas mn transformer, k | 
ans of a step down ne ae Tania 
made by ak : y E 100 V. required for striking the arc o m Wain the 
99 0 oU- ` | i C upp one 
er eai ‘tage about 30-40 V ts required. D.C mips is Made b 
sti pwer Ve ws, . j . atric Toran š .e 7j a h 
ens J K rator, driven by either an electric motor or a engine. The 
means of a generator, 


red in case of D.C. supply is 60-80 V for striking the are and J5. 
voltage required ın Ci 


25 V for maintaining the are. 


ised for are welding. A.C, Supply in 
hich reduces the main supp] 


INTRODUCTION TO LATHE AND ERATIONS NES 
AND THEIR VARIOUS OPERATI 
ME.. a 
A nei lathe machine with simple Sketch, 
Q.83. Explain the principle of (R.G.PV,, March/Apri ~ 

Ans. The lathe can be defined as a machine tool which holds the work 
between two rigid and strong supports called live centre and dead Centre, out 
of which the former revolves. A lathe basically consists of a bed to Provide 
Support, a head stock, a cross-slide to traverse the tool, a tool Post mounteg 
on the cross slide. The spindle is driven by a motor through a gear box. The 
carriage moves over the bed guideways parallel to the workpiece and the 
cross slide provides the transverse motion. A feed shaft and a lead screw are 
also provided to power the carriage and for cutting the threads respectively, 

Lathe removes 
undesired material 
from a rotating 
workpiece in the 
form of chip. The 
cutting tool is rigidly 
held and supported in 
a tool post and is fed Tool 
against the rotating Fig. 2.38 
workpiece. While the workpiece rotates about its own axis the tool is made to 
move either parallel to or at an inclination with the axis. 


Live 


Lathe 
Spindle 


Q.84. Name various types of lathe machines with their specific 
applications. (R.G.P.V., March/April 2010) 


Ans. The various types of lathe machines are given as follows — 
(i) Low Production Type Lathes - 


(a) Bench Lathe - It is used for small and precision work 
since it is very accurate, 


(b) Toolroom Lathe - It is mainly used for precision work on 
tools, dies, gauges and in machining work where accuracy is needed. 


’ rd Nir ir 
lathe, "Rine Lath The | * Polishing 
© Use 
Of engine | 
, © lath 
(ii) Medium Produ., IMilar TEN 
uction 7 athe i 
l (a) lurret . 
production of identical co apstan Lathe _ 
jobs. MPonents ang Can handle 4 
; Mue r 
Capstan lathe IS Used for relay; 
precision work. atively lighter and small 
aller oh 
ais (b) Duplicatin Lathe 
identical parts Where either a previous t iS Used fop» o 
a separate template ; , asly machined part wory, i 
Plate is Prepared and used f x Part Works , = 
dee . ` OT this u = ià 
(iii) High Production Lathe _ li 
ivan (a) Automatic Lathe ~ It i; used f 
specially suitable for heay : | fOr Mass produc 
, ; Y duty and high speed Works, 
(iv) Special Purpose Lathes ~ 
(a) Precision Lathe - |; ; 
iusi h- - he — It IS used for Precision turino ae 
previously rough-turned workpieces. A high Class grinding mach; ae 
of its fine dimensional accuracy, j S machine on account 
(b) Facin 


g Lathe — It is used t PEE 
bulky cylindrical jobs, © Machine the 


l Pe 
end Laces 


(e) Crankshaft Lathe — It is used for turning very long parts 
such as turbine, engine shafts and crankshafts, 


(f) Screw Cutting Lathe - It is used for mass production of 
screwed parts. Specially suitable for Precision screw work. 


0.85. With the help of a simple sketch, explain different components 
of a lathe machine. (R.G.PV., June 2013) 


Or 


Draw a neat sketch of lathe machine showing essential components. 
State functions of three major components. (R.G.PV., June 2016) 


Ans. The lathe machine as shown in fig. 2.39 consists of following parts - 
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Tailstock 


P Tailstock 


Lead Screw 


Feed Engage 


oo 
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z$ _/F T 
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Slide 
W heel 


re | Cross Sli 


Hand Traversing W heel 


Fig. 2.39 The Lathe 


Driving Clutch 
Control Lever 


4 


>_ a 


4 


Headstock 


Studs Tray 


Pulley 


Main Driving 


(i) Bed- The bed is the base or foundation of the lathe. It supports 


the other parts i.e., headstock, tailstock and carriage etc. The bed is the main. 


guiding member of the tool. The lathe bed must satisfy the following conditions 
for accurate machining — 


(a) It should be sufficiently rigid to prevent deflection under 
tremendous cutting pressure. 


: : . sorb 
(b) It must be massive with sufficient width and depth to absor 
vibration. 


(c) It must resist the twisting stress etc. 


—_— ae 


h 
(d) lhe bed | oduction Enginae 
that may dey should py Ng 95 
t all develop when iE j cool ca megd naturally ' ) 
rr ’ Weer Tre 
Fhe lop of the bed ia pl | Fte Í hed B J nd li tOTHOn 
oe aned to fo i 
rails which SUPPOTI carriage À , FM guides" op sy wet 
- í “BE and the | ‘ay VA 
Fhe cast ir © tatlstock i irat 
St iron ; oer 
ea Mloyed with nickel ana - 
stulab C fot lathe bed. ane WOM for 
(ii) Headstock _ The | 
at the left hand fe headstock assemp 
at the lan end of the lathe bed It YEMD}y | pern 
of the lathe, i.e., the sn; “he, sE SEIVES tO SUpport the Fra 
0 € Spindle. The spindle revolves on ta ye Operative un 
ET Ta) ` VES ¢ ty 
at each end of the headstock. The Spindl . AVES ON two targe hearin g me 
and cone pulleys or by gear dme An Š IS rotated by a combination cf os... 
ia NOME extends thro my east ee 
long bar may be passed through the bore. The front e i yr ne Spindle so that 
ae fi ae ne the hole 5 
for holding centres and other tools having a stand $ Of the hole is appeared 
7 -e tte. 5 a morse taper sh nk \ 
taper sleeve fits into the taper hole and a live centre y ck per sha 
. . . W SUDpOrts the wark 
and revolves with the work fits into the Sleeve that acts co 
= . : S aS a bush. 
(iit) Tailstock or Loose Headstock — Th 


e tailstock js located on the 


S to support the other end of 
Ons such as drilling, reamine 


bed and clamped to the bed at 
gth of the workpiece. Tailstock consists 
d ways and the upper part rest 
ed towards or aw ay from the 
Ng and to realign the tailstock 


Istock has a bore for the hollow 


OW 


innerways at the right hand end of 
the work and to hold a tool for 
tapping etc. The tailstock can b 


the bed. It serve 
performing operati 


N$ 


tU N 


(iv) Carriage — It is fitted on the bed and slides along th 


` 


ways and its purpose is to hold the cutting tool and 
or cross feed. It has five major parts — 


e Ded guide 
to impart either longitudinal 
(a) Saddle — The base of the carriage is the saddle which slides 
along the ways between the headstock and tailstock. 
(b) Cross-slide -The cross-slide is mounted on the saddle. It 
provides cutting tool motion which is perpendicular to the centre line. 


(c) Compound Rest — It is mounted on top of the cross-slide. 
It has a circular base graduated in degrees. It is used for obtaining angular 
cuts and short tapers as well as convenient positioning of the tool to the work. 
The compound rest is operated by hand. It is equipped with a micrometer dial 
to assist in determining the depth of the cut. 


(d) Tool Post — The tool post is mounted on the compound rest 
and slides in a T-slot. Cutting tool or tool holder is firmly held in it. The oo can 
be swivelled as well as tilted by means of a rocker and a concave ring collar. 


ing to and hangs over 

ingery {14% the enddle bs 5 cI 
a ` eG sv SLE PPI y . yy d 

: pi „nd levers for operating 

` Ws c S5 


Naci laah iag! Cari 


(e) APT tain 
ad n l 
ed. lt © wor feeds: “ihe elative 
front d ower teet ant Ol the tool rel to the 
the ro" y hand an o move efeed ie. longitudinal 
™ T q Mechan" may ve three LYPES" rallel to the lathe axis 
(v A lathe M oves pari S, 
M a stool n M ; ns if 
ork is termed poitudinal | thet o the lathe axis. In angular feed, 
T and angular | lonè og at right MLE eed mechanism has different 
cross = 1 ‘ te a . 
axis. , 

In cross feed : nangi y the lathe ted from the headstock spindle to the 
js swivelled a!i ion is wans™ ‘on mechani 
tool is swive h motion 15 tran lead screw, apro hanism, 

stc through whic 0 
units (=à m d cea OX _ 
leet © chanism. 


. S _ en 
carriage, such a wd half nut me 


quick change gear box a 
(vi) Screw ao m 

to transverse the tool along H 
eee makes the camage to engage | oe 
nu ; struction and working pruncip aihe 
Q.86. Explain the con (R.G.P. V, June 2008, Dec. 2012) 


maçhine with neat sketch. 


_ The rotation of the lead screw ig 
o produce screw thread. The half. 
disengage with the lead screw. 


i rking principle of a simple lathe 

Explain the construction and wo ee egies 
machine. 

Ans. Construction of Lathe - 

Working Principle - Refer Q.83. 


j j erations that can be performed on the lathe 
0.87. Write the various op Ciera see ie 


machines. 


Refer Q.85. 


Explain various lathe operations in brief. (R.G.P.V., June 2015) 


Ans. The most common operations which can be carried out on a lathe 
are given as follows - 
(i) Facing (ii) Plain turning 
(iii) Step turning (iv) Drilling 
(v) Reaming (vi) Boring 
(vii) Undercutting (viii) Threading 
(ix) Knurling. 


(i) Facing - Facing operation is 
necessary for all works. In this, the workpiece is 
held in the chuck and the facing tool is fed from 
the centre of the workpiece towards the outer 
surface or from the outer surface to the centre, 
with the help of a cross-slide. This Operation is 
shown in fig. 2.40. Fig. 2.40 Facing 
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(ii) Plain Turni RiEs 
o rning — in ihis, the work is held either in machi 
between centres and the longitudinal feed ie ni €r an tHe CHUCK or 
A an i ~~ my IVE tO the tonl eth 
wer. It is ¢ B 0 the tool either by hand - 
po aan san i aeaa of removing excess amount of material hiii = 
surface € cylindrical workpiece. Plain turning is shown in fi be i 
pis : -= ig. 2.41. 
(iii) Step T. urning — It is ano 


ee peration of producing varien « i 
different diameters in the workpiece. It producing various steps of 


is shown in fig. 2.42. 
(iv) Drilling - Drilling is the o 
hole in a workpiece hy the rot 


! peration of producing a cylindrical 
Hay ating cutting edge of a cutter known as drill. In 
this, the workpiece is held in a chuck and the drill is held in the tailstock The 
drill is fed manually, into the rotating workpiece, by rotating the tailstock hand 
wheel. Drilling is shown in fig. 2.43. 


Fig. 2.41 Plain Turning F ig. 2.42 Step Turning Fig. 2.43 Drilling 

(v) Reaming - It is an operation of finishing the previously drilled 
hole. In this, a reamer is held in the tailstock and it is fed into the hole. Reaming 
operation is shown in fig. 2.44. 

(vi) Boring - Boring is the operation of enlarging a hole produced 
by drilling, punching etc. It is really internal turning. A workpiece containing a 
drilled hole is rotated while the cutting tool moves in a straight line. It is shown 
in fig. 2.45. 

(vii) Undercutting or Grooving — It is the process of reducing the 
diameter of a workpiece over a very narrow surface. In this, a tool of appropriate 
shape is fed into the revolving work upto the desired depth at right angles to 
the centre line of the workpiece. It is shown in fig. 2.46. 


Chuck 


Reamer 


Fig. 2.44 Reaming Fig. 2.45 Boring Fig. 2.46 Grooving 
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(viii) Threading - The ine 
grooves on the fee j 
lindrical surface of workpiece N ja T 
i a o. In this, the work is held in a chuc r 
be rene centres and the — a $ 
fed longitudinally to the revolving W 7 A a 
longitudinal feed is equal to the pitch of 
thread to be cut. It is shown in fig. 2.47. 

(ix) Knurling - Knurling 1s the 
process of embossing a diamond shaped 
pattern on the surface of a workpiece. The 
purpose of knurling is to provide an effective 
gripping surface on a workpiece to prevent 1t 
from slipping. 

In this operation, a knurled tool is moved 
longitudinally to a revolving workpiece 
surface. The projection on the knurled tool 
reproduces depressions on the work surface. 

It is shown in fig. 2.48. 


Q.88. Name and explain five operations which can be performed on a 
lathe machine. (R.G.PV., June 2012) 


Ans. Refer Q.87. 
Q.89. Draw a simple diagram of lathe machine and discuss any five 
operations, that can be performed on it. (R.G.P.V., Dec. 2010) 


Ans. Refer Q.85 and Q.87. 
Q.90. Give types of lathe. Name the various operations which can be 


performed on a lathe machine. What are the advantages of using a taper 
turning attachment ? (R.G.P.V., Dec. 2013) 


Ans. Types of Lathe — Refer Bracketor Guide Block 
Q.84 Frame 


Operations Performed on 5 
Lathe Machine — Refer Q.87. 


Advantages of Using a Taper 
Turning Attachment — A taper _ 
turning attachment as shown in fig. 
2.49. is used on a centre lathe for 
producing taper on a workpiece. 

This attachment is confined A hmi 
to give external tapers only. Itis Fig. 2.49 Taper Turning Attachm 
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Fig. 2.47 Threading 
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Fig. 2.48 Knurling 
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“ne and h- “HON 


angle of t ; ndhas, Endinac.; 
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advantage of this aan a l out according a d] gth, a slide se desired 
same taper may be tumed iin ihe lathe centres, Seting of the bar “y an 
2.91. What is a drillin ig even th he lign nt, and E 
Ans. The process of i & machine ? Discuss its = rary n length 
termed us drilling, o e gnating or Enlarging a hole in i is 
7 ~ d SOli 


A machine whic 
holes at a low cost is call 
The hole is generated 


| Member is 
^ can quickly dril 
ada drilling Machine, 
by the rotating edge 


of a cutting tool known as the drill which ent Motion ; 
exerts large force on the work clamped a 
on the table. As the : l 


: machine tool exerts fidh 
vertical pressure to originat itis Workpiece 
ginate a hole it is 


sometimes called a “drill press”, 


Working principle of a drilli j 
. Š n F ; . 
machine is shown in fig. 2.50. E Pig. 2.50 Wor king 


Lip 
Principle of a 
Drilling Machine 


. ‘ ° . Maximum cutting s o 
the periphery of the drill and it decreases towards the centre of the o = 


l The linear motion is known as feed and it controls the thickness of the 
chip. The feed 1s generally measured in mm/rev. Since the drill is provided 
with two cutting edges, therefore, the thickness of the chip is half the feed. 

Q.92. Name various types of drilling machines. 
Ans. Drilling machines can be broadly classified in the following categories - 
(i) Portable drilling machine 
(i) Sensitive drilling machine 
(a) Bench mounting 
(ii) Upright drilling machine x 
(a) Round column section (b) Box column section. 
(iv) Radial drilling machine 
(a) Plain (b) Semi-universal 
(v) Gang drilling machine 
(vi) Multiple spindle drilling machine 
(vii) Automatic drilling machine 
(viii) Deep hole drilling machine 
(a) Vertical (b) Horizontal. 


(b) Floor mounting. 


(c) Universal. 


pope m 


Po 


ring 


i inee l 
chanical Eng with i 
lling machin , 

all machine designed for 


ao f “7; 
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: in light job’ “stan drive 
at high speed NTE ck and pinion Ut 
Co 


Step Cone Pulley 


/ 
Electric M otor 


Vertical Column l 
A: Cutting Motion 
B : Feed Motion 
: A. Band C : Job | 
Accommodating and 
Locating M otions 
Fig. 2.51 Sensitive Drilling Machine 


Constructional Details — It consists of a vertical column which carries 
a swivelling table, a head supporting the motor and driving mechanism and a 
Vertical spindle for driving and rotating the drill. The driving mechanism consists 
of an Thdless belt running over two V-pulleys. One pulley is mounted on the 
motor shaft and the other on machine spindle. There is no gears in the drive. 
The drill is fed into the work by purely hand control. High speeds are necessary 
to attain required cutting speed by small diameter drill. Hand feed permits the 
operator to sense the progress of the drill into work. As the operator senses 
the cutting action, at any instant, it is called sensitive drilling machine. These 
machines are capable of rotating drills of diameter from 1.5 to 15.5 mm. This 
machine is rotated at high speed of 20,000 r.p.m. = 


IZ-Explain the working of a vertical drilling machine with the help 


of a neat sketch. Also state the parameters used to specify a drilling machine. 
(R.G.P.V., Dec. 2011) 

Ans. Vertical Drilling Machine - A vertical or upright drilling machine 

as shown in fig. 2.52 is used for han ing medium sized workpiece. In 
construction the machine is very similar to a sensitive drilling machine for 
having a vertical column mounted upon the base. But this is larger and heavier 
than a sensitive drill and is supplied with power feed arrangement. In an upright 
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drilling machine a large number of 
spindle speeds and feed may he 
available for drilling different types of 
work. The table of the machine also 
have different types of adjustments. 
There are two general classes of upright 
drilling machine -- 

(1) Round column section 
or pillar drilling machine. 

(ii) Box column section 
drilling machine. 


(i) Round Column Section 
or Pillar Drilling Machine - In pillar 
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drilling machine, the table instead of 
being carried on vertical slides is 


Fig. 2.52 

carried on the round pillar. This helps in swinging the table to one side so that 
tall workpieces can be mounted on the base. Here, the table support is less 
rigid than the upright machine and places a restriction on its width. A box- 
column machine being more rigid than a round column machine. is adopted 
for heavier work. 


(ii) Box Column Section or Column Drilling Machine - The column 
is of the box section. The box column is bolted to the base. The work table is 
incorporated with a bracket which slides on ways at the front of the machine. 
Support and elevating movement of the table is provided by a telescopic screw 
underneath its centre. The table on these machines can be swung. 

Parameters to Specify a Drilling Machine - A heavy duty drilling 
machine is specified by following parameters — 

(i) Drilling capacity 

(i) Taper in spindle (Morse number) 

(iii) Distance between column and spindle, in case of radial drilling machine 

(iv) Transverse of spindle 

(v) Minimum distance between spindle and table 

(vi) Minimum distance between spindle and base plate 

(vii) Working surface of table (i.e., diameter) 

(viii) Range of spindle speeds 

(ix) Range of power feed per revolution 

(x) Motor power l 

(xi) Motor speed. 


Q.95. Explain the various drilling operations done by drilling machine. 
(R.G.PV., June 2010) 


| Engineering ona drilling machine are 
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i tc 
: ations tha , : 
Various Oper n) Reaming 
Ans. a Spot facing iii) paih 
iven as follows ~, (ii) 9P® (vi) Lapping - 
: i) Drilling (v) Bonne (ix) Countersinking 
(iv) Tr ig (viii) Grinding ae 
.; terbonng 
(vii) Counte E EE 
(x) repan’® ation of generating @ eine ie 
an is the Oper ii known_as drill. The 
4 E ' ae edge of a cutting tool 
ytating Se £ 
tal by the rotat = method 0 


removing meta! ©. 
producing a hole. Before dn ed on the 
the hole to be produced % ght angles 
workpiece by drawing (0 lines at TIE dt 
+ s used to 


to each other and then a centre punch pe a 
generate an indentation at the centre. p 
ressed at this centre point tO gene 


nied hole. This process does not produce Fig. 2.53 Drilling 
an accurate hole and the hole so generated 
becomes rough and the hole is always slightly 
oversize than the drill used due to the vibration 
of the spindle and the drill. Fig. 2.53 illustrates a 
drilling operation— 

— (ii) Spot Facing - This is an 
oothing and squaring the surface 
r the seat of a nut or the head of 
yed for 


operation of sm 


around a hole fo 
a screw. A counterbore may be emplo 


this purpose. Spot facing is shown in fig. 2.54. 
(iii) Reaming - It is an operation of Fig. 2.54 Spot Facing 

slightly enlarging a previously drilled hole to - 

proper size with a smooth finish. In order to 

finish a hole and to bring it to the accurate size, 

the hole is drilled slightly undersize. The spindle 


speed is made half that of drilling and automatic SN 

feed may be used. The tool used for reaming is 

called reamer. Reamer cannot originate a hole. 

It simply follows the path and removes a very WSN 

small amount of metal. The reamer has multiple a S 

cutting edges. Fig. 2.55 Reaming 
The material removed by reaming is around 0.375 mm and for accurate 

work this should not exceed 0.125 mm. Reaming process is shown in fig. 2.55. 

(iv) Tapping - It is an operation of producing internal threads in 4 


h ; 
ae oo of a tool known as tap. A tap may be considered as a bolt with 
eads cut on it. The threads act as cutting edges which are hardened 


Reamer 
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and ground. When the tap is screwed i ering 103 
previously drilled hole it removes metal a ue 
internal threads which will fit inte sera Sie cuts 
the same dimensions. It is evident that the drilled 3 of 
must be smaller than the tap by twice the dey Ea 
the thread. Tapping is shown in fig. 2.56 pth of 


| (v) Boring - Boring is performed on a 
drilling machine for the following purposes — . 
(a) To machine the internal surface of 
a hole already produced in casting. 
(b) To enlarge a hole by means of an 
adjustable cutting tool with only one cutting edge. 
(c) To correct the location of the hole 


Fig. 2.56 Tapping 


as the boring tool follows an independent path with 
respect to the hole. 7 
(d) To finish a hole accurately and to LY 
bring it to the required size. 
(e) To correct out of roundness of the y 
hole. A 
Boring operation is shown in fig. 2.57. Fig. 2.57 Boring 


(vi) Lapping — It is the operation of sizing and finishing a small 
diameter hole already drilled by removing a very small amount of material by 
using a lap. There are various types of lapping tools. The copper head laps are 
commonly used. The lap is moved up and down in a hole while it revolves. 


(vii) Counterboring — Counterboring 
is shown in fig. 2.58. 

Counterboring is the operation of enlarging 
the end of a hole cylindrically. The enlarged hole 
forms a square shoulder with the original hole. 
This is necessary in some cases to 
accommodate the heads of pins, studs or bolts. 
The tool used for counterboring is known as 
counterbore. The counterbore is made with A 
straight or tapered shank to fit in the drill spindle. ps, 2.5 ji . 
The cutting edges may have straight or spiral ala 
teeth. The tool is guided by a pilot which extends 
beyond the end of the cutting edges. The pilot 
fits into the previously drilled hole having 
running clearance and maintains the alignment 
of the tool. These pilots may be interchanged 
for enlarging different size of holes. 

(viii) Countersinking - Counter- 
sinking is shown in fig. 2.59. 


Counterbore 
j] 
|] 


Workpiece 


Fig. 2.59 Countersinking 
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nk. Standard 
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i Types @ (R.GPY, June 2016) 
etch j 
Operations Pe rformet 
er Q.94 


ine, discuss its various 
(R.G.P.V., Dec. 2010) 


0.97. Dra 
ations. ; ; 
open be performed on a radial drilling 
a radial drilling machine. 
(R.G.P.V., June 2011) 


own in fig. 2.60. 


Or 
s any three operations that can 


ae w a labelled diagram of 


machine. Also dra 


A radial drilling machine is sh 
Motor for Elevating 
$ Radial Arm 


Ans. 


Spindle Driving Motor 


Spindle Head 
Traversing Screw 


& 
Radial Arm JS 
ee 


crazy 

q@aratarit 
Radial Arm m 
Clamping 4 ao: 


Levers 


Spindle © 
Reversing 


: | Fig. 2.60 Radial Drilling Machine 
or various drilling operations, refer Q.95, 00 
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FLUIDS 


FLUID PROPERTIES — PRESSURE, DENSITY AND 
; aa VISCOSITY, ETC. 


Qk Define fluid and fluid mechanics. 

Ans. Fluid — A fluid may be defined as a substance which is capable of 
g. It has no definite shape of its own, it can take the shape of vessel 
containing it. The fluid particles readily change their relative positions. Even a 
ar stress of negligible magnitude can cause the deformation in the fluid. All 


flowin 


liquids and gases are termed as fluids. 

Fluid Mechanics — Fluid mechanics is a physical science, which deals 
with the behaviour of fluids at rest or in motion. Thus fluid mechanics deals 
with static, kinematic’and dynamic behaviour of fluids. The study of fluids at 
rest is called fluid statics. The study of fluids in motion, when pressure forces 
are not considered, is called fluid kinematics (or kinetics) and if pressure 
forces are also considered, the study is called fluid dynamics. 

Q.2. Name various properties of fluids and define any one of them. 


Ans. Some of the important properties of fluids are — 
(i) Density _ (ii) Specific weight 
(iii) Specific volume_ (iv) Specific gravity 
(v) Viscosity _. (vi) - Kinematic viscosity 
(vii) Compressibility. (viii) Vapour pressure 
(ix) Cohesion and adhesion (x) Surface tension 
(xi) Capillarity. i 
Specific Weight — Specific weight or weight density of a fluid may be 
defined as the weight per unit volume. It is represented by w. Mathematically, 
_ Weight 
— Volume 
pecific weight of water for all practical purposes may be taken as 
9.81 kNimn3 p purp y 
Variation of specific weight with pressure or temperature is also negligible. 


Specific weight, w 
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neering Relative position of these pres , 
Basic Mechanical Engine its | pressures is shown in fig. 3.1 
vo jts MMs: s force EXCHE™ 
i ressure and give ¥S ‘ vb defined as the fi ee bei 
ne a mt mi = à f vesse ` CXe 8 , ressare 
Q 3. Defi p arib of presst sas) is stored mM a fas $ 
ans. Pressure orl duid (liquid oF E“ mtainer. This force 1s not < 
Ay T. » Ch ‘ 5 i A p 
area W henever 4 j bottom of the ¢ p be the force on a unit D Atmospherie Pressare 
on a unit aie the sides ant ‘ane area Wd . a. 
all points © ire surface i an be given as 
force at all PX er the enti" assure can DE È y 
` - tributed Over amply press 109M Pressure 
uniformly distt f pressure oF SI m Absolute 
] : ‘ 
„n intenstly ‘ Pressure 
area dA then dl 
y= 
Pressure. peda wer area A, then pressure at any 
ni forml) distributed : 
If the foree F is un : Absolute Zero Pressure —o= 
. A > ove \ 4 
point will be given by F Fig. 3.1 
PZA 


‚2 in S.I. units and kgf/cm? in 


n or Nima nted by Pa. Another Pressure Measurement — The pressure exerted by a fluid can be measured 
d represe . 


i AF aran h ke E a 
The units of pressure are À by means of be manometer, which is discussed in Unit-II, Q.19 


a an 
M.K:S. units. 1 N/m% Is known as Pascal a 
common unit of pressure is bar, where 


hat do you mean by fluid ? Define any three properties of fluid. 
| bar = 10° N/m? = 100 kPa 


(R.G.P.V., June 2016) 
What do you mean by vacuum pressure ? (R.G.PV., June 2014) Ans. Fluid — Refer Q.1. 
0.4. 


Is below the atmospheric pressure, it is termed as Three properties of fluid are defined below _ | 
Ans. When aon oe ae is used to measure vacuum pressure, D Dansir = Density or risa deny ola nid man be detec 
vacuum pressure. A vac 


convenis the mass per unit volume. It is denoted by symbol p (rho) and in S.[. units it is 
Mathematically, pa pa i : aes expressed in kg/m*. Mathematically, 
vacuum ~” Patmosphenc 


Mass 
f . d gauge pressure. How Z 
5. Differentiate between absolute pressure an p 
can s se pressure exerted by fluid ? (R.G.P.V., June 2012) P sess ee 
Fluid may be measured with respect to any arbitrary datum. ene OF a ah ee AAD SEA ENES nde . 
Ans. Fluid pressur ibe The density of fluid increases with increase in pressure and decreases with 
The two most common ms are — 


: Density, 
.: increase in temperature. However, that variation is so small, it can be neglected. 
(i) Local atmospheric pressure (ii) Absolute zero pressure. | 


f datum ch may be (ii) Specific Volume — It is the volume occupied by a unit weight 
On the basis of datum chosen, pressure - 


l . or unit mass of the fluid. It is commonly applied to gases and is usually 
(i) Gauge Pressure — Pressure which is measured with reference to expressed in cubic metre per Newton or cubic metre per kilogram. 
the atmospheric pressure is termed as gauge pressure. It is measured with the help 


! It is the reciprocal of mass density. It is denoted by v.. 
of a pressure measuring instrument. The atmospheric pressure on gauge scale is Mathematically, 


marked as zero. Generally, this is measured above the atmospheric pressure. Siccifievoline:. TE Volume _ l pege l 
(ii) Absolute Pressure - The pressure which is measured with | : Mass Density p 
reference to the absolute zero or complete vacuum is termed as absolute \ (iii) Specific Gravity — The specific gravity of a fluid is the ratio of 
pressure. Absolute pressure is the algebraic sum of atmospheric and gauge | its weight density (or specific weight) to that of a standard fluid, both being 
(or vacuum) pressure. , referred to standard conditions of temperature and pressure. 
Mathematically, i For liquids, pure water is taken as a standard substance at 4°C and for 
Pabsolute = Patmospheric + Pgauge gases either air free of CO, or hydrogen at 0°C is taken. 
or Piee ie D on N Specific gravity (SG) of water is one and that of the mercury is 13.5 


to 13.6. 


ring 
108 Basic Mechanical Engine? 
. Speen 
SG = cafe weigh 
Spet Wie anitless quantity 
related 10 fluids — Pressure, 
e (R.G.F.V., June 2011) 


shy ot He wid 


Specific 


pof wate! 


property. as an | 
Jiowing propern 


ame 
Being MUO ols 


j 0 
7.7, Discuss in short f 
viscosity, density 


rafter ().3 
ins. Pressure - Ret’ 


tue of Which it offers 
anerty by vit 
j is a properly ©. 


| l apy s T `o ‘ ap 
Viscosity Viscosity of a is i yf fluid ovet another adjacent layer, 
Iscos ~ sat af ane layer € 
> to the movemen! ‘ i anatt 
resistance t the ~ 2 o mi re dy aps 
y two lavers © fud. a isan | ities 
> wc a ‘ Teer hoc ` = 
When the other al different VEIL dy 


move one ovel =? ?. the 
walle as shown In fig. -4 


velocity causes a shear 
of fluid. This is mainly 
lecular momentum 


sav v and v + ay 
\ iscosity together relative 
stress between the layers 
due to cohesion and mO 
exchange between fluid layers. a 
The shear stress between two adjacent Hui 


a (ly 


Velocity Profile 


j A 
the rate of change ol f 
lavers is proportional to the rate of chang Fig. 3.2 
velocity with respect to y. Hence 
(1) 
Shear stress. 


where y is the constant oi proportionality which is known as coefficient of 
viscosity or dynamic viscosity or simply viscosity. 
Euation (i) can also be written as 
T 
E= dvidy | 
Thus. dynamic viscosity (or viscosity) is the shear stress~required to 
produce unit shear strain or unit average deformation. 


i ~ Refer Q.6. section (1). 
; a ; a : 1? 
.8. Define kinematic viscosity of fluid. What is its unit of measuremen 
m (R.G.P.V., Dec. 2014) 
Ans. Kinematic viscosity may be defined as the ratio of dynamic viscosity 
(p) and mass density (p). It is denoted by symbol v (called nu). Mathematically, 


os Dynamic viscosity, 4 
Kinematic viscosity, v= 
Mass density, p s 
The unit of v in C.G.S., is cm?/sec and it is called the stoke and in M.K.5. 
and S.I. units, it is expressed as m?/s. 


2 
One stoke = cm2/sec = | m?/s = 104 m?/s 
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viscosity ? 


~ J and kinematic 
Ans. Refer O7 and Qe RGPV. Dec 2017) 


Mai Calculate 


gravity of petrol, 


Sol. Given, V = | litre = | x I0 


mW = 6 967 


Specific weight, w = Weight (W) 


Vv er 
Volume (V) 


6.867 634 
= = T Nim 
| x I0? N/m \ns. 
Density, s W _ 6867 - 
PT gT 9g 5700 kgm u. 
Specific volume, V.= | 
Density 


| 
pT 700 7 14286 x 10 mkg A 


. w . 700 5 
Specific gravity (or relative density), 


P Density of petrol _ 700 


Density of water 1000 S 
Pr0b.2. If 5 m? of a certain oil weig 


i hs 40 kN, calculate the specific 
weight, mass density and relative density of the oil. (R.G.P V., June 2010) 


Sol. This problem can be solved in a Similar way as discussed in prob. |. 


Prob.3. The velocity distribution of flow over a flat plate is given by 
I, 1 
u = 3? -3 Y; where u is the velocity of water in m/s, at a distance ym 


above the plate. Determine 


the shear stress at a distance 1.8 m above the 
plate. 


(R.G.P.V., Dee. 2011) 
Sol. Let dynamic viscosity of fluid 


H = 10 poise = | N-s/m* 
Velocity distribution is given by, 


inal Engineering 
sic Mechanica 
110 Ba i 


. dj i } ~ 3 
Velocity gradiente dy 
du 
= 
T = | dy 
and shear stress. ee 
=z 1 SME 
now that. ALY = 
We know th 


> 9 l 29 95/s 
H A E 
l 


3 2 Ans, 
-1x0.95= 0.95 N/m 


T) g : 
f = OF VISCOSITY, PASCAL'S 


Ww OF V! 
TYPES OF FLUIDS, hie LAR INCOMPRESSIBLE FLUIDS 
LAW, BERNOULLI'S 


g 


h 


ified ? (R.G.P.V., June 2015) 
í How fluids are classed - 


Differentiate between real fluid and ideal fluid. (R.G.P.V., Dec. 2014) 
i 


Ans. Fluids can be broadly i as 
i fluid (ii) Real fluid. Ss 
' a ne Ideal fluid is a fluid which 1s oe 
- : 
inviscid. h Hes for which density esas ae at o pae ; 
i i ‘hich viscosity (p) is zero, is called inviscid, tuid. ben 
oa aeeoa is constant and viscosity 1s Zero 1S known as ideal 
fluid. For an ideal fluid surface tension (6) is also zero. 


i d j fluid flow yu is zero, 
Since, shear stress is given by T= P and for ideal flui wH is 


thus there will be no shear stress or shear force in case of ideal (or potential 
flow). The ideal fluids thus will be moving with uniform velocity. 


Ideal fluids are imaginary and do not exist in nature. However, fluids such 
as water and air having very low viscosity can be treated as ideal fluids. Water 
being incompressible is more near to an ideal fluid than air. 


(ü) Real Fluid - Real or practical fluids are those fluids which are 
actually available in nature. These fluids possess the properties such as viscosity, 
surface tension and compressibility and therefore a certain amount of resistance 


is always offered by these fluids when they are set in motion. l 
-11. State the Newton’s law of viscosity and give examples of its 
ication. (R.G.P.V., June 2014) 


Or — 
Write the Newton’s law of viscosity, - 


Or 
State Newton’s law of viscosity. 


(R.G.PV., March/April 2010, Dec. 2011, June 2015, Dec. 2017) 


(R.G.P.V., Dec. 2016) 


bi 


Ans. Newton's 1, ; 
layer is direc ton’s law of VISCOsity Statec Fluids 111 
ayer 1s directly Proportional ¢ ates that the she; 
O the rate Of she; pain) Stress on ; fluj 
| ear strain, Mathema „© "uid 
Shear stress, to U dy matically, 
dy OT TSH 
TE ie d 
Newton’s law of VISCOSity ig found to 7 y 
i Nee E . . useful i ~ 
(1) Classifying the fluids, P 


(ii) Determinin 


spit A 8 response of a 
(ili) Underst 


12. St ‘ j } 


(R.G.P.V, 
Ans. Newton’s Law of Viscosity — Refer Ql. nea 


fluid to a shearing 


Stress. 
d Phenomena 


1+ot+ Bt? 
u = Viscosity of liquid at t°C 
Ho = Viscosity of liquid at 0°C 
a and B = Constants. 


G) Forliquids, p= of l 


where, 


For water, pọ = 1.79 x 10-3 poise, œ = 0.03368. B = 0.000221. 
(ti) For gases, = py + ot — Bt? 
For air, pọ = 0.000017 poise, a = 56 x 10-9, B = 1.189 x 10°, 
Q.13. Define fluid statics. 
Ans. Fluid statics is the study of fluid at rest. The fluid either may be 


actually at rest or it may undergo uniform acceleration, so that there is no 
relative motion between the fluid elements. Thus, there is no velocity grdient 


——— 


ineering 0.16. Define the terms — Fluids 113 
c Mechanical Eng he viscosi (i) Viscosi 
112 Basic hatever MAy be the viscosity 1) Viscosity fii) p 
cay exist WE | (iii) Kinetic “) Wressure 
aqy tress can ex ` yn > AA | Ne Ic ener , i ” 
dv hence NO shear sti sis can Ix treated as ideal D ere RY | (iv) Datum ene 
aid te , effect, real TS ompressible fluid, TRY 
dy . ce viscosity has M 
-ipe fluid. Since VS py, Dec. 2014 = GN Wilco , 
i p for solving the problems > Explain it. RGR) “the fluid f Ans. (i) Viscosity — Refer ( ).7 (R.G.P.Y., Dec, 201 3) 
uids for $ E -~ Jaw ? E sven if the fluid is ‘i = ` 
a ie hydrostatic ain constant, eve li) Press 
ele i , fluid does not remain ei the depth, and rate of (11) Pressure ~ Refer Q.3. 
. Y j 


at point. This is (iii) Kinetic Energy - 


a fluid at rest (iv) Datur 
en n Energy ~ 
increase of pres atic law. The PR possessed by a fluid bod ra i 
known as hydrost drostatic law. . bi ; y by vir 
~an be obtained b) hydrost* ies some arbitrary horizontal plane. 
L ~ ~ . 
. o hydrostatic . 
According ft " 


of fluid at th: 
at any point in 


e varies 1N \ ity Refer ( 
at rest. The pressure y ari the weight density 0.15. 
assure variation atum energy or potential energy i 


3 the enero. 
. eis oon 5) 
tue of its position or location wit i 


h respect to 


The datum energy actually represents the work required to move the 


= -0g : he ; _ 
tae pe against the gravitational pull of the earth, from a reference elevation to a soe a! 
ap = P9 a can si) metre above or below the reference elevation/datum plane. The datum energy of W 
or cates that the pressure decreases in the direction in which z Newton of a fluid body at a height Z metre above the datum vine Wall be Zy 
_ve sign indicates E _ 
increases. i.e. in the a p 0. ie. the pressure will remain constant , ig ties 
In equation (i). if 9z = 0, ] surface in a continuous body of static fluid. ( y) Compressible Fluid - A fluid having variable density is called a 
— aa p term kinetic energy ? compressible fluid. A compressible fluid contracts when a pressure is applied to 
5. What do you understand by the te (R.G.PV, Dec. 2016) a expands when pressure is released. The coefficient of compressibility of 
eea a Oe | a fluid is given as ; 
. d body by virtue of 
Ans. Kinetic energy is the energy possessed by a flui y by (0) E 
its motion. ; B=- r 
According to Newton’s second law of motion, p 
Force = Mass x Acceleration where dV is the incremental volume change in the original volume V, when 
dv | subjected to a small change in pressure dp. The negative sign implies that the 
dF= m— . : . . Äi 
dt — volume of fluid decreases with the increase in the pressure. 
Multiplying both sides by ds, the differential displacement of both force Géheraily; the cortpcessibiliey OF 9 fluid isetpressed by bulk modules w 
and fluid mass, we get ds elasticity (K), which is the inverse of the coefficient of compressibility, i.e. 
dF x ds= mdv- K- l=- dp 
ee B  dv/V 
or d (W.D.) = m v dv at 


17. Stat : } : 
If the fluid mass accelerates from velocity v, to v}, then Q Mie ania prove Pascaks kaw oj fiiu pressini 


f d(W.D.) = m fvw Ans. Pascal's law states that the pressure (or intensity of pressure) at any 

point in a fluid at rest is equal in all directions. In other words a pressure 

a WD.- ] e v2 T v2) applied at any point in a fluid at rest is equally transmitted in all the directions 
and to every other point in the fluid. 

Work required to accelerate the fluid mass from rest to a velocity v is Consider an arbitrary wedge shaped element of fluid at rest as shown in 

called kinetic energy, thus, fig. 3.3. Let the width of the element be unity and py, py and p, be the intensities 

Kinetic energy (K.E.) = 3 mv? = |W y2 of pressure acting on the faces AB, AC and BC respectively. Also let @ is the 


2g 


angle of wedge shaped element of liquid. 
where, W = mg = Weight of the fluid body in Newton. 8 i / i 


j 
o —_ | 
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qress, the only forces 
ill be no shear stress, t 
there w1 


As fluid is at rest, therefore 
ress 
ting on the element are the p raae 
a 1 to the surface and se 
normal to the surta e 
in vertical direc 
element 1n "a m 


ure forces 


force 

Now. pressure oe of face AB 
= ans ; 
=p dy. l= pÀ 
=P A 


race AC 
se on face A 
to, nressure force € 

Similary press 


= Py Ax 


Py-dx.1 


Z 
S ig. 3.3 Pascal’s Law 
d pressure force on face BC = a Fig. 3.3 
an 7 aui =W (let l 
ei 4 Jement . l 
— wie j the fluid element resolving the forces horizontally, 
Now for equilibriu É 
p, dy — (p,-ds) sin (90 - 8) = 0 
| p, dy — p, ds cos 8 = 0 
But from geometry of fig. 3.3, ds cos 8 = i 
Px dy — Pz dy = 


Px = Pz esa) 
or | 
Again resolving the forces vertically, 


p,.dx — p,ds.cos (90 - 6) - W = 0 
l p,.dx — p, ds sin 0- W = 0 


But from geometry of fig. 3.3, ds sin 8 = dx and also the element is very 
= . . 
small and hence its weight is negligible. 


Py-dx g p,dx =0 
Py = Pz 


(ii) 
or 
From equations (i) and (ii), we have 
Px = Py = Pz a 
Thus, pressure at any point in a fluid, at rest, is same in all directions. 


8. State Bernoulli’s equation for incompressible fluids. 


(R.G.P.V., June 2016) 
Ans. Bernoulli’s theorem States, 


“For a perfect incompressible liquid, 
flowing in a continuous stream, the total energy of a particle remains constant, 
while the particle moves from one point to another.” This statement is based 
on the assumption that there are no losses due to friction in the pipe. 
Mathematically, 


p v 
~- t7 +Z = constant 
Pg 2g 


= 


a) a ee FI 
This is Bernoulli’ equation in which = 
e LP 
ressu l 
Pg "e energy per unit weight of fluid or pressure head 
2 
v 


2g Kinetic energy per unit weight or kinetic head 
Z = Potential 


energy per unit Weight or Potential head 
ME Wha are the applications of Bernoulli’; theorem ? 


it may have Number of 
, but some important applicati 
measuring devices — 


(i) Pitot tube 


(ii) Venturimeter 
17) Nozzle meter (v) Rotameier. 
P the Bernoulli 


’s theorem from the Euler equation of 
motion through a stream tube. 


(R.G.P.V., Dec. 2012) 
Ans. Bernoulli’s equation relates velocity, pressure and elevation changes 
of a fluid in motion. The equat; 


integrating the Euler’s 
a constant density (incompressible fluid). 
Euler’s equation of motion through a stream tube is given by, 


(ii) Orifice meter 


ap + gdz + vdv =0 
Integrating above equation on both sides. 


J | gdz+| v.dv = Constant 


If flow is incompressible, P is constant. 
2 


p M pov 

+ 82+—-=Constant or =+ 5. +2 = Constant 
P 2 g 2g 
This is Bernoulli’s equation in which 


= Pressure head 
Pg 
2 
v 


J = Kinetic head and z = Potential head. 
d 


. State Bernoulli’s theorem and derive equation for the flow of an 
mpressible fluid. Mention the assumptions made for deriving it. 


(R.G.P.V., June 2014) 
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ince 1 T we s | : f | ' 
nal What I f 
i a fl i a pip . i T ] | 


-ompressible fluids. State its 
(R.G.P.V, Dec. 2010) 


li's e 
State and prove Bernoul 


assumptions. 
Ans. Statement of 
Proof - Consider : 
(non-viscous ; 


perfect liquid 


‘compressible 
cea through a non’ - 
uniform pipe as shown 1 
fig. 3.4. | 
Let us consider t o 
sections 4-A and B-B of 
the pij: Now. let us i, 
assume that the pipe is | 
running full and there Is a 
continuity of flow between 
the two sections. 

Let. z, = Height of A-A above the datum 

p; = Pressure at A-A 

v, = Velocity of liquid at A-A 

A, = Area of the pipe at A-A 

Z>. p2: Va, A, = Corresponding values at B-B. 

Let the liquid between the two sections A-A and B-B move to A'-A' and 
B'-B' through very small lengths dl, and dl, in an infinitely’ small interval of 
time. This movement of the liquid between A-A and B-B is equivalent to the 
movement of the liquid between A-A and A'-A' to B-B and B'-B', the remaining 
liquid between A'-A' and B-B being unaffected. 


Let W be the weight of the liquid between A-A and A'-A' since the flow is 
continuous, therefore, 


Datum Line 


Fig. 3.4 


W= w.ajdl; = W.a.d1, 


where w = Specific weight of the liquid, 
W 
iá ajd]; = 
m (i) 
z Ww ` 
y adl = 4 dl it 
Workdone by pressure TER <i 


at A-A, in moving the liquid to A'-A' 
= Force x Distance = Pa;.d/, 


Se 
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Similarly workdone by pressure at B-B in moving the liquid to B'-B' 
= Po a.dh 
ause the direction of p 
Total workdone by the pressure 


inus sign is taken bec i i 
Minus sign is ec 'S Opposite to that of p}. 


= pjaj-dl; — py ay.dl, 
= pyay.d/; po a.dh | adh, = a>.dl, ) 
W \ 


wj 


W 


Loss of potential energy = W(z, ~ z3) and gain in kinetic energy 

- w! "2 Pes i a 
gj 2g 

According to law of conservation of energy, 

Loss of potential energy + Workdone by pressure = Gain in kinetic energy 


+ 


(v3 —vy) 


W W 
W(z, —Z2)+ q Pı -P2)= 


< 
eas) 
N 
m mw ga 


N 
gq 
N < 


p P2 
= +=- = 
(21 ~ 2) w w 


2 
2 


2 
vi v 
Eig Ley, Pg 
w 2g w 2g 
As sections A-A and B-B are chosen arbitrarily, therefore for any section, 
Be 
— +7—+Z = Constant 
w 2g 
i: oi 
or —+— +z = Constant ced(J¥) 
Pg 2g 
This is the required Bernoulli’s equation. 
Assumptions — 


+Z» .. (1i) 


(i) Fluid is ideal i.e., viscosity is zero. 

(ii) Flow is steady i.e., fluid properties at a given point does not 
vary with time. 

(üi) Flow is incompressible i.e., no variation in fluid density. 

(iv) Flow is essentially one dimensional i.e., along a streamline. 

(v) Flow is continuous and velocity is uniform over a section. 


(vi) Only gravity and pressure forces are present. No energy in he 


form of heat or work is either added or subtracted from the fluid. 


« 


—_—_ 


aari 8 case Of a re; 
Engineer? J actual practe’: m TE 
possible I" aan joss of useful energy due 
3 48 s0 C er - Anar ` . 
ily there ine loss of energy per unit 
hy is 
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are rare # 
tead! ifi 
ng S (iii) may be modified 


These assumptions & 
e fluid flow! 


: iih i 
incompressibl friction. THUS ey equation 
iscous an turbulent > < p 1-1 and 474 “ 
y N action: 
a sat f fluid betwee? sector 
weight 0 
as. v P24 v? +7) +h -e (v) 
pi 4 +l pe 2g 
w Æ incompressible liqui 
PE ç equation for 4 perfect pe s liquid, 
f> perire Rernoulli' (R.G.P.V., June 2015) 


r 


Ans. Refer Q+! 


23. Give limitations of Bernoulli %5 theorem. 
9.23. O0 ) 


Bernoulli's equation has been derived on 
possible in actual practice. Based on 
ng limitations — 
‘ ons 
those ane aa Bernoulli's equatio j 

i f every liquid particle, across any cross-section of a pipe, is 
uniform. But in actual practice, it is not so. The velocity of liquid particle in the 
“entre of a pipe is maximum and gradually decreases towards the walls of the 
pipe due to the pipe friction. Thus, while using Bernoulli’s equation the mean 
velocity of liquid should be considered. 

Gi) The Bernoulli’s equation has been derived under the assumption 

that no external force, except the gravity force is acting on the liquid. But i 
actual practice, it is not so, there are always some external forces, (such as 
pipe friction etc.) acting on the liquid, which effect the flow of the liquid. If 
some energy is supplied to, or extracted from the flow, the same should also 
be taken into account. 

(il) The Bernoulli's equation has been derived, under the assumption 
that there is no loss of energy of the liquid particle while flowing. But in aiei 
pea es va a aie — some kinetic energy is converted into 

r e ° ae by lost due to shear forces. 
force should also be taken into aa which is, iy A eae ies i sae 

so in the Bernoulli ’s equation. 


Numerical Problems 


0b.4, Water i a 
mm at the iit aa through a pipe having diameter 300 mm and 
at the bottom end is 24 * + iy respectively. The intensity of pressur? 
9.81N/em?, Determine the po and the pressure at the upper end is 
through pipe is 40 lit, ifference in datum head if the rate of flow 


(R.G.P.V., Dec. 201 7) 


that the velocity 0 
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Sol. Given, Dy = 300 mm = 0.4 m. D 
N/cm? = 24.525 x 10° Nim. P = 9.81 Niem? = 9.81 x 10 a is en 
` A Fi = l S 


= 0.04 m/s. 
The pipe arrangement used for wat w 1s shown | 
pip ater flow is shown in fig. 3.5. 


D,= 290 mm 
\ 0, 9.RI Njem! 


D; = 309 mm 
py = 24.525 N/cm? 


Datum Line 
Fig. 3.5 
From continuity equation, we have 
Q=A;y; = Agv2 


„Q 00 _ 9.5658 mis 


and V7 = Q__ 0  _1 9732 mis 
A2 Ey (92) 
4 


Now applying Bernoulli’s equation at sections | and 2, we get 


p) p. 
v v5 
PY, -22,2 


= 1 
pg 2g pg 2g 
24.525x104 F (0.5658)? 


+25 


_ 9.81x10" 1.2732)" 


1000x9.81 2x9.81 | 1000x981 2x98I1 
25 + 0.0163 + z; = 10 + 0.0826 + z, 
or Z2 — Z4 = 14.9337 ~ 14.93 m 


Difference in datum head 


= z% - 2, = 14.93 m 
PODS. A pipe of 200 m has a slope of 1 in 100 and tapers from 1 m 


(1) 


Ans. 


i . the high end to 0.4 m at the low end. Rate of water flow is 4000 
ne - If the pressure at the high end is 50 kPa, find the pressure at the low 
(R.G.P.V., Dec. 2016) 


neering . 0.4 m. Q = 4000 
120 Basic Mechanical Hj i 
Sol. Given. L = 200m. Slope 

. 4000 m/s _ 0.0 


litres/minule = 69 x 1000 


— 50 x 10° N/m, 


\ 


ve 
a ae 
w o Fig. 3.6 
: d. 
A,= i xv] 4 


2 2 
ahai eo 
Area ai the low 254 

the datum line is passing through the centre of the lower end. 
Let, the 
Then Z= 0 
As slope is 1 in 100 thus 


„ = x200 =2m 
1= 100 
We know that, Q=A;y;= ae 
Q 0.06 
aT ee — m/ 
ia oe 
Q 0067 


Applying Bernoulli’s equation at sections D and Q), we get 


2 2 
y V 
Fig“ E o ar 


` 1l ~ + — + Z 
pg 2g pg 2g 
3 2 2 , 
7 50x10" (0.0853) 49 P2 (0533)? 
1000x981 2x981 1000x981 2x981 l 
5.097 + 3.709 x 10442= P? +00 
9810 oc 
P, = 69483 N/m2 . 
= 69.48 kN/m?2 
= 69.48 kPa 


Ans. 


Prob h. A pi mn Fluids 121 
r ( pipe Metros | : 
f -attl hi ong has a slope of] in 10N and tanors fram 
} m diameter at the high end to 0.5 @ tapers from 


, m at the low er d . 
js 5400 litres per minute. If the pressure at the high a of water flow 
pressure at the low end. ts 70 kPa, find the 


. (R.G.PY., Dec. 2012) 
Sol. Thig-problem can be solved in a Similar way as discussed in Prob 5 

: . i > Tob.5. 
(7. Water is flowing through an inclined conical pipe, 100 m| i 
has 600 mm diameter at the upper end and 300 mm ii vedi hi . 
discharge rate is 50 litres/sec. The pipe has a slo sins 


pe 1/2: 15. Find the pres: t 
the lower end, if the pressure at the upper end i zils 


5 2.5 bar. (R.G.P.V., Dec. 2015) 
Sol. This problem can be solved in a similar way as 


discussed in Prob.5. 


ONLY WORKING PRINCIPLE OF HYDRAULIC MACHINES, 
PUMPS, TURBINES, RECIPROCATING PUMPS 


Q.24. Define hydraulic machines, hydraulic turbines and hydraulic 


_ pumps. 


Ans. Machines which convert either hydraulic energy into mechanical 


energy or mechanical energy into hydraulic energy are termed as hydraulic 
machines. 


Hydraulic Turbines — Hydraulic machines which convert hydraulic energy 
of water into mechanical energy are known as hydraulic turbines. A hydraulic 
turbine uses the potential and kinetic energy of water and converts it into 
mechanical energy. The fluid energy is available in the natural or artificial high 
level water reservoirs which are created by constructing dams at appropriate 
places in the flow path of rivers. Water falling from a height transfers its energy 
to the turbine blades. The rotational energy of turbine blades is then utilized to 
run an electric generator directly coupled to the turbine shaft. 


Hydraulic Pumps — The hydraulic machines which convert the mechanical 
energy into hydraulic energy are called pumps. The hydraulic energy is in the 
form of pressure energy. Pumps which are designed to raise or transfer the 


liquids utilize the power. Thus, they are power absorbing machines. The energy 
absorbed by the pumps 


makes them enable to overcome the hydraulic resistance 
and make the liquid rise through a geodetic elevation. 


sll with suitable diagram working of a fluid coupling. 
(R.G.P.V., Dec. 2016) 


Or 
of fluid coupling with neat sketch. 
(R.G.P.V., June 2016) 


Describe the working principle 


Or 


nel f fluid coupling: ( R.G.P.V, June 2015) 
Wà 


è workin 
truchon oad @W 3 Explain its working, State 
fluid coupling ©” (R.G.PV., June 201) ) 
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Explain cons 


What do you unders tand by 
pee l Y its a, plications. 
I d state its a] 
Discuss ge. R.G 
Or 
. . oe Veg June 
. orking of a fluid coupling. (R.G.P.V. 20 13) 
Explain the wornins © 


= uid coupling. 
principle oe R.G.PV, June 2008, Dec. 2012) 


Or 
in its working principle. 
What is fluid coupling ? Explain (R.G.PV, June 2012) 


ng is the device used for transmission of Power 


through a liquid medium. It consists of a pump impeller w hich is attached to 
the driving shaft and a turbine runner attached to the driven-shaft. These two 
units are enclosed in a single casing, which conan liquid, nuly oil, due to~ 
its lubricating power, availability and stability. No direct contact exists between 
the driving parts and driven parts. The oil in the casing transmits moment of 
momentum or torque from pump impeller to the turbine runner shaft. 

A typical fluid coupling is shown 
in fig. 3.7. As the driving shaft is 
Started, the pump impeller causes the 
fluid to flow from the eye of the pump 
impeller to the outer periphery of the 
pump impeller. where it is discharged 
inwardly through the turbine runner 
back to the pump. As the speed of the 
driving shaft is increased, the liquid 
torque on the turbine runner increases 
until it overcomes the inertia of the 
driven unit, and the turbine runner and 
shaft began to rotate. 

The fluid coupling allows g 
smooth power transmission and 
eliminates all jerks and Toughness, This 
Provide smooth take off and tal ne 
the wear and strain on the dri a 

Ths flnid maaa e drive train, 
high engine E IS very eficient at 

engine speeds, but not qui 
effective at medium speed amag Fi } 

s. 18. 3.7 Hydraulic Coupling 


Explain the working 


Ans. The hydraulic coupli 


Driven 
Shaft 
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Efficiency of Fluid C /oupling — 


For a fluid coupling, pe 
r ; T 
Torque ratio, tm aj 
r t; 
or 1, =T= T (say) 
Thus, the power input to coupling aa 
= TO, ( 


and power output from the coupling l 
= TO), \ 


where œ; and 0), are angular velocities of driving and driven shafts rs 
The efficiency of fluid coupling, 
H TO, 7 M, _ No 
Thus, efficiency of a fluid coupling is the ratio of the speed of the driven 


shaft to that of driving shaft. 
Applications — Fluid couplings are widely used with both electrical and 


internal combustion prime movers (ranging in size from 0.7 kW to 26.5 MW) 
to transmit torque. The fluid couplings are particularly usetul where smooth 
shock free operations i are required and where large initial loads are involved. 


Q.26. Define slip of a fluid coupling. 

Ans. Slip of a fluid coupling is defined as the ratio of the difference of the 
speeds of the driving shaft and driven shaft to the speed of the driving shaft. 
Mathematically it is given as, 

W; — 09 
Qi 
where, @; = Speed of driving shaft 

©, = Speed of driven shaft. 


Slip, S = 


Then, T fa nll 
OF 
s Š Şi Wo 
s=l1-7n (-: For fluid coupling, n = Ge 
1 


Q.27. How hydraulic pumps are classified ? Explain. 
(R.G.P.V., June 2008, 2013) 
Ans. The pumps can be broadly classified into two categories — 
(i) Hydrostatic or positive displacement pumps, e.g. gear pumps 
and vane pumps. 
l Gii) Hydrodynamic or non-positive displacement pumps, ©.g., 
Centrifugal and axial pumps. 


wn as constant delivery 
J aly 

„y revolution of pump 
protect them 
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ed. 

n ‘ver ' 

rough s o as the AWE ” own as variable delwery pumps, 
ș are Kno umps are not self priming, 

~rivered varies Wl | d outlet is non-positive ia a Wiery 

: wee n rary blades to seal against 

displacemen : e rotating 4 A high vol 

The disp arance petween th e used for 10W pressure gn volume 

e pump 


ement pumps may be of following 


(b) Internal gear pumps 
(d) Screw pumps: 


(ii) Vane pumps 

(iii) Piston pumps. 
9.28. Define centrifugal 
Ans. The hydraulic machine: 
pressure energy by means of cen 
centrifugal pumps. The centrifugal 
flow reaction turbine. This means 
radial outward direction. . 
The centrifugal pump works on the principle 
s of liquid is rotate 


means that when a certain mas 
rise in pressure head of the rotating liquid takes place. 


at any point of the rotating liquid is proportional to the squ 


pump and its principle. 

5 which convert the mechanical energy into 
trifugal force acting on the fluid, are called 
pump acts as 4 reverse of an inward radial 
that the flow in centrifugal pumps is in the 


of forced vortex flow which 
d by an external torque, the 
The rise in pressure head 
are of tangential 


2 Dud 


ams or —— 
2g 2g 
Thus at the outlet of the impeller where radius is more, the rise in pressure head 


will be more and the liquid will be discharged at the outlet with a high pressure 
head. Due to this high pressure head, the liquid can be lifted to a high level. 
0.29. Explain working of a centrifugal pump with neat sketch. 
P Ans. Before starting a pump, priming is done in which suction pipe: casing 
a and a portion of delivery pipe upto delivery valve is completely filled 
' te liquid which is to be pumped, so that all the air from this portion ° 
pump is expelled out. Then the electric motor is started to rotate the impel 


velocity of the liquid at that point | i.e., rise in pressure head = 


Th j ; ; 
arte _ f impeller in the casing full of liquid produces a forc 
R aaa centrifugal head thus increasing the pressure head of the # 


ed vortes 
liquid 
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Delivery Pipe 


hs 
Eye of Pump 


Foot Valve 
and Strainer 


Fig. 3.8 Centrifugal Pump 


r Gi causing the liquid to be delivered through delivery pipe. Looking at 
e initial process, the impeller creates a partial vac 
| due to centrifugal 
action at its centre. This partial vacuum helps 1 a ka 
t its ¢ : ps in the suction of liquid thr 
a a pipe. The high pressure of the liquid leaving the impeller is teed 
ting the liquid to required height through delivery pipe 


2.30. Explain construction of a single stage centrifugal pump with sketches. 


Ans. The following are the mai 
pump which are shown in fig. -i parts or components of a centrifugal 


of Me, d oat ake It is a device which is coupled to an external source 
imparts the required aft. When the external source such as an electric motor 
whieh ts-oravial energy then the impeller rotates on the shaft. It is a wheel 
aan a series of backward curved blades or vanes. 
surrounding the csi a an air tight passage having gradually varying diameter 
energy into pressure ae ue to gradually increasing diameter, it converts kinetic 
delivery pipe. The fi ergy before the water leaves the casing and enters the 
' i e following three types of casings are commonly adopted — 

gradually and a Casing — In the volute casing, area of flow increases 
Velocity of flow a $ urrounds the impeller. This increase in area decreases 

nd thus increasing the pressure energy. In case of volute 


Nery 
we amount ofc RY 
a large a! 
as ala i 
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126 Basic iii ing is shown In fig. 3.8, 
AS ‘ 


the pump dee! 
es 


cases slight) 
pnis type oF 


; > efficiency of ‘ 
sasing, the effic : , ,, 
casil g : chow n m fig 


ost due to the format ni 
| (b) Vortex ( ni N 
dambe 
ber called vorte\ chambi 
cham i 


as vorte sın; 
ywn as \ 0 
Her then the casing ?* kni 
impeller 


` addies can be rel l 
addies €a AR ; 
sation of eadies the efficiency of a pump 
Wicd cham : le extent ] hus 
rar vor . _ 
chambe r A } to aa 
„nergy can he gues sre than the on 
t ©. 


having volute casing. 
> hi Foe te a i 
is casing is shown in 
s casing 18 Mi sde Blades - This casing Is: 
having vortex castte © with Guide by a series of guide blades 
(c) Casing or ater is surrounded by a ssigned in suc 
the impeller | uide vanes are design ‘ i Cn a 
org . hock. The ax 
ai ee Sal shock. The a 
unted on t the diftuser eee the diffuser ie 
ounted en u ` ~vi e Ser 
mou a the water from sng towards the outside 0 Us 
al increasing € g Acera "O 
way t vanes is increasing and increasing the popit at 
> ki : ` thr asıng which 
easing the ki «r passes through the casing 
in decreasing i he impeller pass 
„ater from the 
e water fro 


netic energy 
tric with the impeller. 


HRNO 


(a) Vortex Casing (b) Casing with Guide Blades 


Fig. 3.9 Different Types of Casing 
(iii) Delivery Pipe - A pipe whose one end is connected to or 

of the pump and other end delivers the water at a required height is kno 
delivery pipe. . . 

g Suction Pipe with a Foot-valve and a Strainer - It is a el 
whose one end is connected to the inlet of the pump and other end immer 
in water in a water sump is called suction pipe. A non-return valve niarit 
foot valve is fitted at the lower end of suction pipe which opens only in upw 
direction. A strainer is also fitted at the lower end of the suction pipe. 


5 ? Briefly 
Q.31. How can you classify different types of centrifugal pumps : Brief 
describe each of them. 


19 (a). If a circular 


> Í edd ; 
valle the casing and the 


is | i 
roduced 


m n this vpe- dhia 
fig. 32 D). l ‘fuser. The diffuset 
he diffuse ler enters 

impeller 


between the guide 


helps 
the guide vanes. Th | ps 
i sf the cases 1s conce 


4 
in mosi ¢ 


Guide Vanes 
Vortex 
Chamber 


_—_ 


oe 
8 sienna 


Ans. Centrifugal pumps can be classified in the following manner ~ 
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(a) Volute ype of ¢ 


Tor turhine 
to the n 
Stag 


PUMDs or; 
gw a 
Imbher of ith guide hl 


Impeller, . 
` ce ` per sh; 
© Centrifugal pump. Per shaft 


(11) According 
(a) Single 


asın | 
ades ( vanes). 
on the shaft. 


having ) ; 
£ only one im l] 

. ) eller 

(b) Multi stag p 

connected in series, mounted 


(iii) According 


e centrifuga] pum 
On same shaft ane 
to the direction of fl 


: OW of | rid vame Casing 
í r ê JE Hia id th = 
(a) Radial flow Pumps are generally i | rough impeller 
i Ic i j aid J Viovic 
impellers, in which the liquid flows through the impeller ny a vith radial flow 
5 “ENE UL rag lal dire 


(b) Mixed flow pumps 
is being discharged over low height 
impeller axially as well as radially, 

(c) Axial flow 
liquid at relatively low heads. | 
impeller in axial direction only. 

(iv) According to Working heads — 

(a) Low head pumps can 

(b) Medium head pumps can Work against a head of 15 m to 40 m. 

(c) High head pumps can Work against a total head above 40 m. 
(v) According to the disposition of shafts — 

(a) Horizontal disposition of shafts. 

(b) Vertical disposition of shafts. 

Horizontal disposition of shafts are most Common in use. Vertical 
disposition of shafts pumps are used for deep wells and mines. Vertical 
disposition of shafts pumps require less space. 

(vi) According to the number of entrances to the impeller - 
(a) Single suction pumps admits the liquid from one side of the 


ection on] 
are tised ; e ] f 
i ; ised Where targe quantity of liquid 
S. IN this, the quid flow through th 
ugh the 


PUMPS are Used to deliver | 


arge quantity of 
n this type of pump, the liquid flow through the 


Work upto a head of 15 m. 


impeller. 


(b) Double suction Pumps admits the liquid from both sides of 
the impeller thus axial thrust on the impeller is neutralized and pumps large 
quantity of liquid. 


Q.32. Define the terms — Suction head, delivery head, static head and 
manometric head. 


Ans. Suction Head ~ It is the vertical distance above the water surface in 

Sump to the centre line of the centrifugal pump. This height is also known as 
Suction lift and it is denoted by ‘hy. This is shown in fig. 3.8. 
Delivery Head — It is the vertical distance between the water surface in 
the tank in Which pump delivers water and the centre line of the centrifugal 
Pump. It is denoted by ‘hy’ as shown in fig. 3.8. 

Static Head 


‘ ~ It is the vertical distance between the water level in sump 
Irom where 


Water is being sucked and the water level in the tank to which 


i shanical Engineering pr 
easel atic head and the delivery 
water is being pumped. Thus tus 1 


head. It is denoted by H, 
H=h +h 


4 anome T T ea q T b ‘os À He 
N i t n H « d (0 ( Į SS e l 

t t \ ` 7 rk It Is de ne {cc m’ 
he t ent fugal Į umy has to \\ OT ë f l by i e l nee a 
WM tric head is also known as total head I ol SS hea | 

I he mal t t € re 
sahate i, 
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ferences ver G 
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ad) — lt is the total head against which 


es ~ and 
> turbines ane 


ydraulic pumps are 


4 " Ç T 
given below — 
Hydraulic Turbines 
i [Converts hydraulic energy into | Converts mechanical energy into 
p | hydraulic energy. 
May utilise electrical energy to 
produce pressure energy. 


Hydraulic Pumps 


mechanical energy. 
Produces electrical energy. 


Gii) |Very costly and have cumber- | Less costly and easy design consi- 
some design. derations. 
(iv) [Maintenance cost is high as Less maintenance cost as it has very 


less components. 
Examples — Centrifugal pumps, 
reciprocating pumps. 


it has many components. 

Examples — Pelton turbine, 
Francis turbine, Kaplan turbine, 
etc. 


0.34. Differentiate between turbine and compressor. (R.G.P.V., June 2012) 
Ans. The differences between turbine and compressor are given below - 


Compressor 
A turbine converts hydraulic |A compressor converts mechanical 
energy into mechanical energy. | energy into head or pressure energy. 


A turbine in conjunction with |A compressor is a power consuming 
a generator, generates electrical | device. 


energy. 


A turbine is a prime mover. |A compressor has to be driven by a 


prime mover. 
. Discuss types of water turbines. 
Or 


Classify turbines on the basis of type of energy, direction of flow, head 
and specific speed. 


(R.G.P.V., June 2016) 


Ans. The classification of hydraulic turbines may be given according t° 
several considerations as indicated below — 


ine 
i ~ in this t . 

into kina US tu 

nto kinetic wen the available 
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uvi 
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ZZle at t 


r ve 
19) C 
Of buckets of runn Penstock, T 
T ce 


from buckets to the ai p vent Splashing ; NE it to revolve om Nozzl 
1 race, and O Zuid the Casing is 
(b) Reactj water dj : 
inar on Turb Scharged 
as well as kinetic rDine — 
wrie. As i tic energy at the injet of the 5 the Water Sesses 
: e water fl TDine. ti an pressu 
pressure ener OWS through the ru r the turbine ig j W a cnergy 
; ey Soos ml changing into kinet; the water is und "aS reaction 
enclosed in an air tight casing and casi, Ue energy, nder pressure and 


€ runner js co 
> Complet 
f wa pletely 


" of Flow Through Ry 


flows along the t bine — In thi con 
g angent to the Path of TOtation of tes type of turbine, water 
(b) Radi ii 


direction through 


y, the turbine is known as 
> thomson turbine. Girard 


d) Mi i 
eoni Pi : vee Flow Turbines — Water enters the runner at the outer 
the tiie adi direction and leaves the runner in the axial directi 
ee fen ada to the axis ot rotation of runner, this type of ins 6 
. Ow turbine e.g., Modern Francis turbine is a mixed flow turbine. 
(iii) According to Head at the Inlet of the Turbine - 


(a) High Head Turbj 
head rangin ' urbine — 
turbines s ad rom several hundred met 


equire less : 
high head turbines. ENEY of wite 


These turbines can work under high 
res to few thousand metres. These 
r. Generally, the impulse turbines are 


under mediu (b) Medium Head Turbine - These are capable of working 


require lar ji heads ranging from 60 m to 250 m. These type of turbines 
&e quantity of water e.g., Francis turbine. 


_ 


i ina 
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(c) Low Head Tae aora 
ess than 60 m. nes ie 
under the head le S5 ve and other prope eri 
water. Kaplan pu a er 
7 pope: scific speed ee 
a ni specific speed turbines 
(b 


rbines. l pie Tai warni 
igh specific speed turb cally similar turbine ihe 
mae ee a head of one metre. 


able of working 
pines are capable aie 
L These tut equire a large qua 

s thus 1 = low head turbines, 
are 


Water enters at the į 
Ows Outward 


velocity is less 
de velocity 
L.e. u, < u.. 


) iS results in 
negative Centrifugal heaq 


he water, which 
es the Telative 
water at the Outlet, 
arge remain constant. 
crease in turbine 
speed, the whee] does not race 
The turbine itself adjusts the 
speed. 


Speed control is easy and 
effective. 


of a geol 
is the speed of a g Sac under ies 
acific speed is th hen working u , specific speeds 
Spotu a power when ouped according to the sp 
, e T 
develop on ines may be g 
-arious turbin 
The vano 


are as — 


Here Outlet blade Velocity ; 


| oc 
an the Inlet blade veloc 
u, > u.. Thi 


in turn reduc 


velocity of 
‘yo from 8.5 to 30 — Pelton wheel (for 
varying 

cific speed varying 

(a) Speci 


ble jet). a , 
jet) upto 43 — Pelton wheel (for aaraa 50 to 340 — Francis ns 
eer i ; d varying — Kaplan and other 
i OA SPAS yaring fromm 205 AO Kap 
(c) Specific sp 
propeller turbines. 


i rbine. 
à Ise and reaction tu 
. mpulse G.P.V., June 2010) 
istinguish between the i (R.G.EF. V., 
0.36. Dis gu 


i turbine and reaction 
the differences between impulse 
ing are 
Ans. Following 
turbine — 


Impulse Turbine 


These turbines work on the prin- 
ciple of impulse. 


ee The discharge increases, 
or a 


1th the increase in turbine speed, 


ds to race. The turbine 
st the speed by itself, 


- |the wheel ten 
cannot adju 


Speed control is very difficult. 
Best suited for large outputs 
under medium and high heads. 
Commonly used for power 
projects. 

AB. Describe the construction and working of Pelton turbine. 


Suitable for low or medium heads. 


Not much in use. 
Reaction Turbine 


These turbines employ the principle 
of reaction, i.e. backward force 
developed opposite to acertain action. 


(R.G.P.V., Dec. 2010) 
sl . 
ilable at the turbine Describe the construction and working of any m Ee ee 
‘1 .P.V., Jun 
i bine |Energy aval ta agit nd ames , 
mt cerns ee and | MEE ie both MARNE energy 2 Ans. Fig. 3.10 shows the layout of a Pelton turbine in which the water 
pe Laney i TOSSE ENSIS. ; from the reservoir flows 
a ainda E A i s ia reaction turbine water flows in the 
j ater flow 

In impulse turbine w 


or h the runner. 
t of the runner. | radial direction peered j 
along the kaaa turbine. | Thus radial flow tu ction turbine 
parna i high heads | The total head of eee 500 m. 
The turbine is used for es from about o- - 
i 000 m. [rang te the flo 
ranging from a ey the | It is not possible to regulate 
Iig ee isak kiiy without loss. 
witho . 


through the penstock at the 
outlet of which a nozzle is 
fitted. The nozzle increases the 
kinetic energy of the water 
flowing through the penstock. 
At the outlet of the nozzle, the 


Water comes out in the form Cy his 
d flow reaction tur: bine. ofa jet and strikes the buckets Wheel for 
i twara jlo 
4 7. Disti i tween inward and ou 
%37. Distinguish betwe 


: Control 
G.P. V., Dec. 2015) vanes) of the runner. The jet Spear Contr 
(R.G.P.V., ‘eS of Water strikes on the buckets 
; rbin! ithe 
b inward and outward flow reaction tu 
i n 
Ans. The differences betwee 


With a high velocity and after 
are given below — 


S 


ID 
RSLS SE 


4 


Fig. 3.10 Pelton Turbine 


_ 
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aing enere) to the Q.41. Define the terms ross head and net head for a turbine. 
K . im ya © S. K (q ` 1 Jo 
nical Engine am velocity: hus IMI ie j im si ~ Gross head may be defined as the difference between 
432 Basic Mecha „ng with 10% the head race level and tail race level when no water is flowing. Thus, the gross 
r the vanes: leavınt Water striking head is often termed as static head or total ' ~ 
ing ove €- . 


| head. It is denoted b 
sine are nt ~ spear ae 
er -a pelton qurbine ing ’ rrangeme the nozzle. A il i; ebra om 
funnel. a OL i x ar in atically. i i 
The main parts * “low egula! ising a SPE ul se] of automatically Net Head - When water is flowing from t 
n NOX 


y H,. Mathematically, 


Tail race level 


g S he dam to the t bi 
. od by t , saie i 7 ey urbine through 
(i) Nox controlled a “amount of water siring the penstock, a loss of head due to friction between water and penstock 
he buckets yhich is 0 pane nozZ pan de amount of water occurs. There are other losses such as loss due to bend pipe fittings etc yet 
e Dus EN C ack, . ? 3! ” 
: a conical s a wa ae is ushed bac they have very small magnitude as compared to head loss due to friction ‘h,’. 
when spe oral and if the SP Net head is also called as effective head and is represented by ‘H’. 
the vanes ! ner increases es H=H,-h 
iking the FURT cock | where, H, = Gross head, and hy = Head loss due to friction. 
sae According to Darcy-Weisbach formula, 
4.f.L.v? 
PE f Dx2 g 
Whee š ° . 
se aka Q.42. Define various efficiencies related to hydraulic turbines. 
l l ee oe ‘ 
— spear Nowzit Fig. 3.12 P = Ans. The various efficiencies of a turbine are described as follows — 
; w e , . : ; ! 
Fig. 3.11 Nozzle with p 7 B r P (i) Hydraulic Efficiency — It is the ratio of power developed at the runner 
ing Arrange — The runner ine to the net power supplied by the water at the entrance of the turbine. 
pogi ith Buckets or Vanes p spaced and fixed. of the turbin po SPRY . 
(ii) Runner W hich buckets arè evenly bowl. Each _ Power delivered to runner _ R.P. 
-es of circular disc on W hemispherical cup Or pists ; = P edat T 
consists 0 Kets is of a double hem all also known as splitter. ower supplied at inlet W.P. 
The shape of the buc pene of a dividing W h 160° to 170°. R.P R.P 
aa . 0 arts by e fl ted throug B aks 
bucket is divided ae the jet of water gets ii A in fig. 3.10. The s s W.P. wQH 
The buckets are s0 S sing of a Pelton wheel is shown a water to the F000 
ahar pe of water and also directs ari y is faction: 1000 
casing prevents bs a cast iron and does not perform any hy where, w = Weight density of fluid 
tail race. ae safeguard against accidents. . + ie. tenri Q = Volume of water/sec 
It also ac . When the nozzle 1s closed, 1.€., m oi H = Net head on turbine. 
(iv) Breaking Jets ~ he wheel tends to move due 
hydraulic energy is closed even after that the 


; the runner in a 
long time. To stop . 

e | tends to revolve for a long ti ; ter on the available 

saan aie is provided which impinges a Jet of wa 

ois vanes. This jet of water is called breaking jet. 


ine 
9, What is a hydraulic turbine ? Drw a neat sketch of pelton turbi 


(ti) Mechanical Efficiency (Nm) — It is the ratio of the power 


at the shaft of the turbine known as shaft power (S.P.) or brake 
Power (B.P.) to the power delivered to the runner 


| _ ___ Power at the shaft of turbine _ 
(R.G.P.V., Dec. 2014) | In = Power delivered by water to the runner 
explain its working. oe 
Ans. Refer Q.24 and Q.38. l siit s me 
Q.40. Write a short notes on hydraulic turbine and fluid coupling inn g 011) R.P. 
their working with the help of neat sketches. (R.G.P.V, Dec. striki ie Volumetric Efficiency — It is the ratio of quantity of water actually 
. net 
Ans. Hydraulic Turbine - Refer Q.38. 8 the turbine run 


t ner to the quantity of water supplied to the turbine inlet 
ugh the nozzle, 
Fluid Coupling - Refer Q.25. 


>, 


blades oF vanes. 


ips of water ‘able at the shaft 
Mathematical 


N= volume — 
` power < i ; 
inlet of the turbine. 


(iv) 
of the turbine t° i 


. 1 to 7 er wer 
Mathematical lo = water p° 


Water power in S1.= 1000 P 

p= 1000 kgm? shaft powerin KW. or n= pxgxQxH 

No= water power” kW 4000 
vo di hine 

ive displacement mac 

j (R.G.P.V., Dec. 2013) 


where. 


ine, pos 
compressor, (T bine, p° 


onsuming thermcdynamic device 
essure € :€rgy. Generally 


essed air, the 

r is used for supplying hig m It stores the 

is one of the best source -spring when the 

compressed z p at same way as it 1s stored in a oe Sate ki 
j ener: P : à the {0 

mechanical energy mechanical energy if put into a M a] amount of thi 

spring 1S wound. {he er, a small amount of this 


l owev 
: turnable as work. H . 
a reversible process, 15 Te d up in friction oF heat losses. Thus, a machine 


ical energy 1S use echanical 
eee he from the atmosphere with the aid of some — at 
means and then delivers it to a vessel for storage 8 ake nee upon 
Since the process of compressing air requires that work shou 


it, so a compressor has to be driven by a prime mover. os 


Turbine - Refer Q.24. . 

Positive Displacement Machine — A positive 
thermodynamic and mechanical action between a near-Ste 
slow moving surface and involves a volume change or dis 

In a positive displacement machine the fluid expansion or C ane 
occurs without an appreciable displacement of the mass centre of gravity : 
the contained fluid. The moving surface affects change in fluid volume pare 
of positive containment, i.e. the fluid cannot escape from the boundane 
except by leakage. The action is nearly static while the action 1 
turbomachines, where energy transfer occurs during fluid flow. 


compresso 


displacement machine creates 
static fluid and a relatively 
placement of the fluid 
ompression 


S dynamic in 
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air are called Machine — Machines which are 

air ate cated pneumatic machines. Th operated b 

of air into mechanical work and p 
machines include pneumatic drill, pneuma - y used pneumatic 


, oh atic hoists : 
crane, pneumatic drive, etc. IC hoists, pneumatic press, pneumatic 
4. Differentiat 
l e compressor with 
a 
ns. pump. 


Ans. Refer Q.43 and Q.24. (R.G.P.V,, Dec. 2016) 


0.45. Explain working principle of the positive di 

Ans. The positive displacement pumps ar 'isplacement pumps. 
sucked and then it is actually pushed or it aL ee 
it by a moving member, which results in lifting the iaito oe on 
These pumps usually have one or more chambers which are peal height. 
with the liquid to be pumped and then emptied again. The — filled 
discharged by these pumps almost wholly depends on Ah ount of liquid 
These pumps are generally fitted speed of the pump. 


ith a pressure relief y 
a ains over-pressure b alve to protect th 
z e Tas bad em 
8 t p , cause a positive displacement pump conti t 


eject liquid even though the outlet valve i . 
extremely rapid build up in pressure as E i am Aca “ee 
Positive displacement pumps can be classified as ks 
(i) Reciprocating pumps 
(a) Piston plunger pump 
(ii) Rotary pumps 
(a) Gear pump 
(c) Vane pump 


(e) Rotary plunger pump. 


(b) Diaphragm pump. 


(b) Lobe pump 
(d) Screw pump 


Q.46. What is a reciprocatin 2 ] 
6. What i g pump ? D inci } 
of a reci VAENE pumo with Head heth ee oe 
Or 


Write short note on — Reciprocating pump. (R.G.P.V., Dec. 2017) 


Ans. . : fas 
ones dey ie ee pump is a positive displacement pump which 
ple of actual displacement or i iqui 
* i i pushing of liquid b 
+ seji noe that reciprocates in a closely fitting cylinder: In che vath An 
ace i ms the piston exerts the thrust on the liquid it converts the mechanical 
ie ving motor into hydraulic energy (pressure energy) 
ig. 
8 o s single acting reciprocating pump. It essentially consists of - 
cylinder in which a piston reciprocates. 


(ü) Suction pipe wi 
Wi Pipe with a non-return sucti i 
th a non-return delivery valve tion valve and a delivery pipe 


(i : , 
by a Sear 4 Crank and connecting rod mechanism which may be operated 
gine, an I.C. engine or an electric motor. 


p 


—— 
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\ Lnelivers 
\ Pipe ' ` 
cylinder -7 
piston y 
Delivery T Connecting % d 
Valve aaa Rod Maat ” 


Hrn ” 

; ing Pump 

ZEF sump ng Reciprocains 
e Acting Recip crank starts rotating, the 


-¢, 3.13 Singl 
Fig ago ae D.C., the piston is at the 


n cr isf LD 
wise from I.D.C. 

the cy crank rotates a vacuum in the 

sae A 

treme left positon in cht and creates 

ai OD C.. the piston MOV ds 1g ve to open and gansen a 

“er This V : into the leit side o 

cylinder To ee h is at atmospheric pressure) into the l f 

the liquid from sump (ame the suction stroke is completed 

the cylinder. Now as the crank rotates from 

and the left side 0 


= moves F i j 
O.D.C. to sy i pr Tae the suction valve 1$ closed and delivery vaines 
up in the cylinder. 


squid i f the cylinder in the delivery 
is the liquid 1s forced out O l 
gt ed LD.C., the delivery stroke is completed. The 
pipe. Whe 
suction and delivery strokes areca 
from the sump to the delivery pipe- | | 
0.47. Give a detailed classification of reciprocating pumps. 


j i ified on the basis of — 
; eciprocating pumps may be classitied 
` T pane being in contact with one side or both sides of the 


towards le 


piston, and eani 
ji er of cylinders. , 
On x haa kah being in contact with one or both sides of the 
piston, reciprocating pumps may be classified as 
(a) Single acting (b) Double acting. l i 
In a single acting reciprocating pump, the suction and delivery ee 
occur alternately, while in a double acting reciprocating pump both stro 
occur simultaneously. l , they 
On the basis of number of cylinders used in a reciprocating pump, 
may be classified as — 
(a) Single cylinder pump (b) Double cylinder pump 


(c) Triple cylinder pump. o0 


t 


arried out alternatively and the liquid is pumped 


ay me THERMODYN 
| >PYNAMICS AN 
STEAM ENGINEERING 
' 


THERMODYNAMIC SYSTEM, PROPERTIES, STATE, PROCE 
r SS 


- Q.1. Define the term ‘thermodynamics’ 


Ans. Thermodynamics is the branch of physical scie 
energy transfer and the effect of this energy transfer nii oi It is a science of 
This science is based on the observations of saa pertes a substances. 
observations are formulated into four basic laws on on T peres These 
developed. They are zeroth law, first law, second is ch this science is 
thermodynamics. These laws govern the princip aw and third law of 


(2. Define the thermodynamic system. Differentiate between open 


(R.G.P.V., Dec. 2017) 
Ans. Thermodynamic System — A thermodynamic system can be 


sane as a definite quantity of matter of fixed mass and identity which i 

p ed by a closed surface, called boundary. This surface may be l 

a ae - x vessel containing liquid forms a thermodynamic system sath 
€ walls of the vessel forming real boundar j 

> ve y surface or, it may be imaginary 

cari of liquid flowing along a pipe. The boundary surfaces kena 

in volume and shape. Everything outside the boundary is called 


surroundi i 
Ri dings. The thermodynamic system may be broadly defined as a definite 
r a space where some thermodynamic 


at is taking place. It is a region where 
Maaa is focussed for studying a 
ii a process. System may be as 
i S a free body or as complex as a 
cal refinery or thermal power plant. 


mee System — A system is called an open 
or a flow system when energy flow as 


Well 
ee mass flow takes place across the 
ary as shown in fig. 4.1. 


system, closed system and an isolated system 


Air In 


Autom obile 
Engine 


Exhaust 
Gas Out 


(Control Surface) 


Fig. 4.1 Open System 


D 
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stem are sae cross the boundary 
Examples of open SYSS ine in which Me fucl-air € 
Jl engl y „tem 
i) Diesel or pe 4 from the SY ster. bax 
f pa and work is obtaine d fror y Gas turbine 
of the sys M n er, ete. 
qi) Air compress (v) € ondenset. r 
OW. am or a non-flow S stem 
(iv) Water pump lled a closed system or a y 
2 _ A system Iste Wor 
C Josed System s< place a ro 
hen only energ) flow takes pl a lac E- Piston 
À dan put no mass flow fake P ton Cylinder 
n didi I 
5 oad sedin a cylinder with a sliding pisto i 
Gas enco’ fig di ample of closed Heat ' Hu 
js shown In > 
À Heat | Surroundings 


system. 


Examples of 
(i) A tank fill 


Burner 
ii) A pressure cooker 


A closed refrigerant S circuit in Fig. 4.2 Closed System 


closed system are ~ 
ed with a gas 


(iii) 

a refrigerator. 
Isolated System - A system is called 

an isolated system when no flow of heat, 
work and mass takes place across its 


boundaries. A good example of such type of 


system is a Thermos Flask, when filled with 
is taken out of it. 


substance and no mass 
Other example is gas enclosed in an insulated 
box as shown in fig. 4.3. 

Q.3. Explain an adiabatic system with an example. 


Ans. A system is called an adiabatic 
system when no heat transfer takes place =} | 
across its boundaries. Mass transfer or work 
transfer however may take place across the 
boundary as shown in fig. 4.4. Example of 
an adiabatic system is — l 
A gas turbine in which energy is supplied Energy 
in the form of gas is obtained from work out In 
to rotate the generator. In this system, no heat 
flow across the boundaries. 


Fig. 4.3 Isolated System 


Insulated Wall 


Generator 


Exhaust 
Gases 


Q.4. Define state of a thermodynamic system. 


rice pe state of a system is its configuration Əy condition described in 
The n etail so that one state may be distinguished from all other states. 
may be identified by certain macroscopic properties such as 


temperature, density, pressure, volume, etc. 


Fig. 4.4 An Adiabatic System 


re Thermod à 
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state of a system is expressed e iaa Engineering 139 
as 


properties. For . 
va example, ; ; a function i ; 
system such as x, y aa equation of state res relationship between its 
Ss % e Ing three š 
properties of 
s of a 


Ans. In thermodynamics, a sys 
Characteristics, which can ba an 
etc. are called properti 
tenfe an Whee ae System. Properties at an in 
the system is said to exist Teer partes of a system h ee 
like pressure, tem at a definite state. In thermod aa definite values, 

he , temperature, volume, density, internal ynamics the properties 
specific heat, etc. are to be measured oftenly a energy, enthalpy, entropy 


are known, » for th 

= vas thermodynamic properties or heated purpose of study. These 

property depends only on the state of the TAA Poona 
s 


way e the state was reached ystem and not upon the 
the pr j ' 
property 1s represented by 6, then do should be an exact diff 
erential. 


fe = 02-0 


0.6. Define and discuss the following propertie 
(i ) Intensive and extensive properties a 
( ü ) Internal and external properties 
(iii) Independent and dependent properties 


Ans. (i) Intensive and Extensive Properties 


mass of the syste : 
Me ystem are known as intensive properti 
perature, density, etc. perties, e.g. pressure, 


’ g ] p 


pI op i S i pe e = pe 


for unit mas : 
s they are independ 
: . ent š 
are intensive properties. p of total mass. Hence, all specific properties 


Extensive i 
upon the mass the T m values of some of the properties depends 
tot . em. They are known i ; 
al volume, weight, surface area, etc AS ORRORE ee G 


In order ; 
the system u A nai a given property is intensive or extensive, consider 
awing lines across PpS and divide it into segments or sub systems by 
changes or remain e system in any manner and see whether the property 
oes not chan is COUSIAI BS 0NG Zoe from one subsystem to another. If it 
ge then it is intensive property otherwise extensive property. 


D 


: ring 

„sic Mechanical Enginee sog — Internal or thermostat. 

140 Basic d External Properties z nian die caai Q 
$ rnal an saie ol the mattei wit ) 

(il) Inte hy: i qeristic re) 

a charae 


ie >d as evert i res 
property & aenne an observer al 


\ relative to the System, 
aed Ws 
lt is measured DY 


` intemal propertie 
 ceamntes of intemal ] Š 
zipi anorey, mass. Cte. are exampl istie of citl 
z æ. internal nete , ned as a characteristic i 
Temperature. iai property is defined as 
- mechates J 
External ol 


` whe S € asure 
t \ ne S t 


w the position energy. etc. are examples 


oton € ial energy. Kinetic 
Do ve to an ewtemal datum. Potential energ) 
relative lo a neei; ; 
f external of mechanical properties P yperties — Independent propertics 
t m if 
y pendent Pre ; anda 
(iii Independent and ait tate of the system, while dependent 
. jefine the sti : 


Dr ertie which t awe the e state of the 
ease srties Which become fixed when the state 
nes are those properue: ron 
ietined DV independent propertics. 
<VSTETM IS GEL 
ī rocess. | 
).7. Define the term p . . e 
a | h sf state occurs When one OF more of the prop fa 
Ans. A change ol st 


When a system undergoes changes on its state, It shia to 
v<tem changes. en a sys te j es r ic: 
system changes process Process 1S named according to 1ts specification, 
have undergone a process. > i acess Gie 

` constant volume process. constant pressure pro 


: ? 
Q.8. What is a thermodynamic cycle ? 


Ans. When a process or processes are 
performed on a system in such a way that the 
final state is identical with the initial state, itis then 
knows as a thermodynamic cycle or cycle or cyclic 
process. In fig. 4.5. A-1-B and A-2-B are processes 
whereas A-1-B-2-A is a thermodynamic cycle or 
cyclic process. 


v— 


Fig. 4.5 Cyclic Process 


ZEROTH, FIRST AND SECOND LAW OF THERMODYNAMICS 


Q.9. State and explain Zeroth law of thermodynamics. 


Ans. According to Zeroth law of thermodynamics, “when two systems 


are each in thermal equilibrium with a third system, then the two systems are 
also in thermal equilibrium with one another’. ` 


Zeroth law of thermodynamics gives us the basis for measuring the 
thermodynamic property called temperature. A reference system known he 
thermometer is brought in contact separately with two systems, and if the 


thermometer shows same readings in both the cases, then the two systems 
are at same temperature. 


Explanation — Consider three systems A, B and C as shown in fig. 
perfectly insulated from surrounding and apply the equality of temperature. y 
the systems A and C are brought into contact, energy in the form of heat w1 


TS 
Th 
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After a certain time they will be in thermal 0 the body at a lower temperatu 

into contact, after some time. ihkas na tal equilibrium, [f B and re 


will be in thermal equilibrium. Now, if 
A and B are brought in contact, they 
will be also in thermal equilibrium 


Hence, this suggests that A and B are 
in thermal equilibrium with each other 


| | Fig. 4.6 © oncept of Zeroth Law 
Q.10. State first law of thermodynamic 5. 
Ans. First law of thermodynamics may be 


The energy can nei 
transformed from one 


hen a system undergoes a chan 
at and work transfer takes place. The net energy 
within the system and is known as stored r; 


First law of thermodynamics may 


tate, then both 
transfer 


y S stored 
energy or total energy (E 


ine system. 
also be stated as. 
The heat and mechanical work are 


mutually convertible. 
According to this 1 


aw, when a closed system under 
cycle, the net heat transfer is equal to the net work tr 


a 
p8Q = fèw 
where symbol f stands for cyclic integral, and 8Q and SW 


infinitesimal elements of heat and work transfers respectively. 


\ 11. State and explain first law of thermodynamics. 


(R.G.P.V., Jan./Feb. 2008, Dec. 2008, June 2012) 
Ans. For statement of first law of thermodynamics, refer Q.10. 


goes a thermodynamic 
ansfer 


represent 


According to the first law of thermodynamics, when a system undergoes 
a change of state, both heat transfer and work transfer take place. The net 
energy transfer get stored within the system and known as total energy of the 
system. Mathematically, 
. SQ - 8W= dE al) 
The symbol 4 is used for a quantity which is inexact differential and 
symbol d is used for a quantity which is an exact differential. The quantity E 
represents total energy of the system at a particular state. 
Integrating equation (i) for a change of state from 1 to 2, we have g 
Qi-2 - Wi2= E,-E, -G 
For unit mass, equation (ii) becomes 
M3 = Wia = © =~ C] i 
where, E}, E, = Total energy of the system at states 1 and 2 respectively. 


DD” 


“a 


`) > + KE 


. 2 = 
U, = Internal po 


ç of the i 
m = Mass ¢ tion due to gravity 


, — Ąccelera ; 
a at through whic 
pen ity of the body. 
big veo 


2 
the system at state 2, av? 
E, = pE, +KE2t U27 mgz2 
5= Tbe) 


e body falls 


equation (ii), _ (PE, + KE, + U1 
| ppp + KE + U27 PEs 
sek 


sT 
PE» ~ PEs) + KEo- a em 
= 0.27 5" 


Substituting values 10 
Qi-2 7 Wi- 


2 2 
V “1 - U;) 
-gz4)+ m XD ts | (Uy l 
= m(gZ2 841 2 2 


2 N eee 
—_ Vp - Vi b+ (u7 = u) «AA 
Qy-2 — W127 (222 — gz) + 2 2 | 4! 
uation. 
The equation (iii) is known as steady flow energy €q 
PE., = P.E., then 
ee Q; , - Wj2 = (KE. - K.E.) + (U, - UD | 
When PE. = PE.» and K.E. = KE.,, then | 
Qia- Wia =U- Uy) = p | 
For an isolated system for which Qy.) - Wi. = | 
sot icsi ation 
This shows that the first law of thermodynamics 1s the law of conserv 
of energy. N 
Q.12. Enlist shortcomings of first law of thermodynamics. 
. js 
Ans. Limitations of the first law of thermodynamics are as follow 


1 


: e Josed 
(i) According to the first law of thermodynamics when r > na 
system undergoes a thermodynamic cycle, the net heat transfer 1s equ 


net work transfer”. 
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This statement does not s 


pecify the direction ¢ 
whether the heat flows from ni 


and work, i.e., 
hot body to 
hot body. It also does not give 


to a cold body or from a cold body to a 
any condition in which these transfers take place. 


tually convertible. 


destr 
transformed from one form to another. oyed, but can be 
A machine which violates the above stat i 
i f ement is known as : 
machine of the first kind. Such a machine į Perpetual motion 


S impossible to obtain in actual practice. 
. State and explain second law of thermodynamics 


(R.G.P.V., June 2008, 2013, 2014) 


What is second law of thermodynamics ? Explain the two statements of 
this law. 


(R.G.P.V., Dec. 2011 ) 
Or 


-Planck and Clausius equation of second law of 
(R.G.P.V., Sept. 2009) 


Write down Kelvin 
thermodynamics. 


Or 


-Planck and Clausius statements of the 
(R.G.P.V., Dec. 2017) 


that heat will not pass automatically from a 
colder body to a hotter body. Heat can be forced to pass to a higher temperature, 
as in the action of a refrigerating machine, but only by applying an “external 
agency” to drive the machine, i.e. by doing work on the system. 


Write and discuss the Kelvin 
second law of thermodynamics. 


Ans. The second law states 


The two statements of second law of thermodynamics are as follows — 


(i) Kelvin-Planck Statement - It is impossible to construct a heat 
engine which, while operating in a thermodynamic cycle, produces no other 


effect except to extract heat from a single reservoir and do equivalent amount 
of work. | 


Explanation — Consider an engine which receives heat Q, from reservoir 
and rejects heat Q, to the sink and produces work Wọ as shown in fig. 4.7. 
The efficiency of the engine, 
_ Heat supplied — Heat rejected 
3 Heat supplied 
je eta _ 7 On We 


Qi Qı eT Qı 


ngineening 

that Q, 8" 

vejet red tO 
V. This 
We 

ine can 


ror in other 
echanica ror than Wy! 
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ance SNOWS 
However experien she 


words some heat h 
the sink to produce © a 
$ produce ee 
means that efficiency of the 
Gh. 
never be 100%. 
Wwe consider 


as to be 


Ww ork 


| W ws Q as Q 
an engine yiolatine siete 
` > . X . n F- \- 
odvnamics pen ii ; 
secon \ ete 
Planck statemen ee bea 

= ciency of the ene ; 
eaen applied W converte 
E “all heat supplied Y il pr a 
is ork. Such an engine Will p "i 
A Jete cycle by exchanging 


Sink 
Heat Reservoir 


Fig. 4.7 Engine Heat Balance 


work in a COMP : : F second kind 
heat with only one reser’ = etual motion machine of ies Bn 
This type of engine iS called perp of thermodynamics ut it 
IS t = 


= 


namics. 
does violate second law of ae is impossible to construct a heat pump 
i f-kis® ; from a lower 
:) Clausius Statemen nuously iro 
ich = et in a cycle will remove heat ue ae eee ene 
ae eservoir and transfer to a higher temper" , l 
temperature res ; nit 
: ork being done on 1t. ; 
any amount of external wO cond law of thermodynamics 


j t of the se 

‘ tion — The Clausius statemen i “AS. 
ee od with the help of refrigeration cycle as shown 1n fig 
a s to take out heat from a body 


The function of the domestic refrigerator 1S © ener oo 
at low temperature and deliver it to a body at high temp ; 
process. 


The transfer of heat from a body at low 
temperature to a body at high temperature 1S 
possible with the help of external aid, i.e. when 
work is done on the system. The heat balance 
is then, 


Atmosphere 


Q, + Wr =Q 
The evaporator coil is placed in the area 
(cold reservoir) from where heat (Q,) is to be 
extracted and condenser coil rejects heat (Q,) 
to the atmosphere. A vapour compressor 


supplies work W, makes removalofheatfrom _, | aTh 
cold body and its rejection to hot body possible. Fig. 4.8 Refrigeration “y 


Cold Body 


T <Tį T3 


The equivalence of Clausius and Kelvin-Planck statements can be illustrated 
by proving that violation of each statement leads to violation of the other. 


T hermodynamics and Stea 


Fig. 4.9 shows a cyclic heat 
i í eng 


Sige o ine that i 
ane wale < , z ) i 
Planck statement. j removes heni ee 'S supposed to Violate the Kelvin 
ere we À ) from ; "uns 
converts ıt completely to il m a high temper: wa ota 

tk (We). Thu ih perature reservoir and 

Ad ` 1€ work of a cas i i 
W= O, the engine is, 


Fhe work output W, of engine ; 
takes in heat Q, from the | aiidata iia 
ryt at 
) e low temperature re 


QO, A 
User “OIT, 


ee 
he refrigerator which 


High Tem perature Reservoir 


Hi 
2h Tem perature Reservoir 


Q] +Q, 


Refrige- 
rator 


Fig. 4.9 


By the first law of the 
refrigerator to the high temperature reservoir is 
Q + We= Qs +Q, 
Out of the heat (Q, 
part Q, can be diverted 


Fig. 4.10 


— 
dynamics, the Magnitude of heat Tejected by 


re reservoir, a 
ne. Thus there 


OW temperature 
and refrigerator c 


reservoir to a high temp 
would thus operate co 
drive the refrigerator 


from a | 


A device that violates the Clausius 
Heat flows continuou 
temperature reservoir at t 
two reservoirs. Engine t 
eservoir, does work Ww 
temperature reservoir. 


| Statement is shown in fig. 4.10 

sly fr ied 

- ee the low temperature reservoir to the high 
ate Q,. Now, we Operate an engine between the 


akes in heat at i 

` the rate Q, fr : 

: | from the high tem 

g and rejects heat of m: g g perature 


agnitude (Q, — W 
Thence ) to the low 
nine rate Q, at which it flows f that the heat rejected by the engine at the 
‘ows fron ; ; 
temperature aeg 1 the low temperature reservoir to the high 
Thus 


Or Q= We=Q, 
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Da 


yle € fect 1s lO remove 
nei ree 
nd it vert il completely into 
eval É aatement also, 
apie resctvOr” |. pjanck states z Goa 

, Kel¥ Jso a violation of 
atements are 


vl 
€ j \ 1C e ers , 
cys statement ii odynamics. 
Clauses cond law of therm A ne 2015 
equivalent ‘ tatements of s¢ (R.G.P.V.» u ) 


Q.14. Write down 


Ans. Refet Qt. 
cycle is completed 


the air during 


rroundings. 
ork is done by the air on 


N-m of W 

at added to the system. 

nand expansion processes 

Sol. Let processes 1-2 a is complete During compression process 12. 
e . 


wat: m first law of thermodynamics, 


ing expan . 
ibid the quantity of he 
2-1 be the compressio 


ibe! 
1000 " 
U; = U; = 37 kJ l j 
i j iti heat is taken from surroun ings 
j ted that Q is positive when hea 
isa a W js positive when the work 1s delivered from system to 
to sy 


surroundings. Hence for process 1-2, Q and W are negative. 


Again for expansion process 2-1, we have 
Q - Wait Ui = Uy 
100000 77 _ pe 
or ta 999 ON 
THERMODYNAMIC PROCESSES AT CONSTANT PRESSURE, 


NTROPY sy 


' VOLUME, ENTHALPY & E Í, 
-e OW process. 


0.15. What is meant by thermodynamic work ? 


Ans. Work is said to be done by a system if the sole effect extern 
system can be reduced to the raising of a weight. 


Moy 
alto tw ement of the piston. 


j , 
force on the piston is given by 
F=pA 


Thermod 
a prmodynami 
Thus, in thermodynamics CS and Steam Engineering 


(1) 


147 


(i) Constant volume process 


i 

- — pressure or isobaric proce 
Constant temperatu i D 

i netan re or isotherm 

(iv) Adiabatic or isentropic process aii 

(v) Polytropic process. 


Prove th 
at work done fora non-flow process 
bd 


2 
. id - 
Ans. Consider a closed l 7 
System as shown in fig. 4.11 undergoi 
4.11, ing a non- 


of t i i 


Basic N ec a ical Er gineenn 
1 > Á han l | | 
= Nel pres sure on fluit 


m 
vÍ pisti 
g schon A 
cross“ 


where P 


vugh a 
Let the pisto 
as then “ 


small distance 


’ TF. i ' 
) ` 4 amp — dx ' 
the piston! . : f 
ny = p.Ads i 
l jume. n: 
i hanee 0 vol a 3 
R + A av ISt yn i | 
ie l > for a sme 
This WOTA done M 
| ons . aW = pAdx 
Ve 
, dv 
\A d 
trom state l to state 


id expands 
> will be given by. 


y wk dO : 


Fig. 4.11 Closed System 


NS | p dy 
ae | 


the work done during a non-flow process, 


Th :.. the term , represents area below the curve 1-2. To 
ol re 


pdy repres¢ 
in above expres* 
the itude of work do sek - 
determine the uae ate Pn equilibrium a E 
path. process Snow 
ressions for the 
9.79. What is constant volume process ? 4 a HA 
a ha in internal energy, heat transfer and c g y. 
’ nge ; 
as teh eth is shown on the p-v and p-T diagrams in 
4ns. Constant volume process 1S S 
Ans. ons ; 

a) and (b) respectively. 
When a gas is heated at a 
constant volume. its temperature = 
and pressure will increase. Since 
there is no change in its volume, 


The WoOrk done 


for determining 


fo 417 


Ty 1 
therefore no work is done by the Y1 A = 
gas. All the heat supplied to the gas (a) p-v Diagram (b) p-T Diagram 


is stored within the gas in the form 
of internal energy. Now consider A 
m kg of a certain gas being heated at constant volume from state 1 to state 
Let, p; v,-T, = Pressure, volume and temperature at state 1 
P>.V2.T> = Pressure, volume and temperature at state 2. | 


Fig. 4.12 Constant Volume Process 


- The general gas equation is < | 
Pi¥1 _ Powe | 
hax i 
Since vı = V2, therefore 
Pi _ P2 


p | 
= Constant i 
Tı T 


ne, path followed is need to be specified and | 


Thermodynamics an 


(1) done by the ø 
° È 


Work 


AS 


We know that 


OW p dy 


q í £ 
t { f S ` | ) 
( ua ION 1) rom tate to State 

a. 


[ow - [pay rig 


On integrating 


or 
l3 =s p (v> 

Nor | | 

Work done in constant volume pr 

(ii) Change 


VJ=0 
OCESS is zero. 
in internal energy 

dU = me, dT 

| where, c, = Specific heat of gas at constant volume 
Integrating from state | to state 2, we get - 


frau = ‘ 
j = mc, f dT 


U,-U, = mc, (T, _ T,) 
(iii) Heat transfer 
We know that 


or 


Q = dU + W 
Integrating from state 1 to state 2, we get 


fso ai “dU + Í “aw 


Qi-2= (U,-U))+W,, 


Qi5= U,-U, = MC, (T2 - T)) 
(iv) Change in enthalpy 


dH = dU + d(pv) 
Integrating from state 1 to State 2, we get 


2 2 2 
Í dH =f dau + f d(pv) 
H2 — H; = (U, - U,) + (P2V2 — piv) 
= mc, (T2 = T,) + mR (T2 Gama T) 
(E 
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iD) 


Ce Wio = 0) 


Pı¥ı = mRT, and pv; = mRT>) 
E Sa aT (cy + R) = me, (T2 - T,) (+7 Cp — cy =R) 
Q.20. Explain constant pressure process or isobaric process. 
Ans. The constant 


m fig. 4.13 (a) and (b) respectively. 


T ~ 


pressure process is shown on p-v and p-T diagrams 
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| 


wwcweseret m 


Ty, T— 


Ti 
(b) p-T Diagram 


' 
` 
' 
' 
' 
` 


5 | = 
13 


(a) p-v Diagram 
i Fig. 4.13 Constant Pressure Process 

we sure its temperature and volume 

therefore the heat supplied 

y of the gas and for doing 


< heated at a constant pres 
e there is a change in its volume, 
the internal energ 


When a gas 1 
will increase. Sine 
to the gas is utilized to increase 
some external work. 

Consider m kg 0 


state 2. 
Let, pj. Vj. Tı = Pres 


f gas being heated at constant pressure from state 1 to 
£ 


sure, volume and temperature at state 1 
ature at state 2. 


p>. Vo, T = Pressure, volume and temper 
The general gas equation is 
Pivi _ P2v2 
T Ñ i 
Since. the gas is heated at constant pressure, therefore p, = P2 
Y v v 6 
= = — or n = Constant 
T 7 T i T 
(i) Work done by the gas 
ôW = p dy 


Integrating from state 1 to state 2, we get 


2 2 2 
= =pl d 
f ôW = Í pdy pf v 
Wy. = p (Vp - vy) = mR (T3 - Ti) 


(:: pv, = mRT, and pv, = mRT)) | 


(ii) Change in internal energy 
dU = U, - U; = me, (T, - Tj) 
(iii) Heat supplied or heat transferred 
6Q = 6U + ôW 
Integrating from state | to state 2, we get 


fiso 2 J ous [ ow 


EE Oe ee 
Ther j 
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2i ) = (U, Uy) $ W, 
— . id y si ° 
me, (T, li) + mR (T; - T,) 
= m (T, Ti) (c, + Ry E 
= me, (T i 
| p12 1) €E 
(v) Change in enthalpy i — 
di= H,- 
| | 2 [, =me Haa 
If the gas is cooled at a constant pressure then A be 
, inere wj 


Work done Wiass p (v, - 2) = mR (T, -T 
Change in internal energy, = 
dU = U, -U,= 
. 2'= Mc. (Fi = 
Heat rejected Q,,= mc, (T; - T) i 


During expansion or heating process, work is done b i 
positive); internal energy of the gas increases (i.e, dU se the gas (Le., W, , is 
supplied to the gas (i.e., Q).2 is positive), SS POSVE) and heat is 
During compression or coolin 
W).2 is negative); internal energy 
and heat is rejected by the gas (i.e 


8 Process, work is d 
of the gas decreases 
- Q).9 is negative), 
Q.21. Explain constant temperature or isothermal proces 
Ans. The isothermal proces y 
fig. 4.14 (a) and (b) respectively. 


One on the gas (i.e., 
(i.e., dU is negative) 


s 1s shown on P-v and p-T diagrams in 


zapia 


Isothermal { 
Expansion 
Curve (pv = C) 


CETT CTTTTT) 


P2 E 


Py 


sedge een 


“Y vy 


12 


y =—— 


Ty=T) 
T =—— 
: (b) p-T Diagram 
Fig. 4.14 Isothermal Process 


(a) p-v Diagram 


A constant tem 
temperature of the w 
or Compression, 


In an isothe 
rmal ; ; l 
and enthalpy, process, there is no change in temperature, internal energy 


a iaai or isothermal process is one in which the 
Orking substance remains constant during its expansion 
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i ] n tate | j ( p 

; ineering ature from sta . Work done. W, >= 2.3 l l 
i shanical Eng i tempel ri ` 192 I Piv; log 

152 Basic = he wed al constant P2 )J 

ag hes 2 


state | 


~ F ~j] 

z ~ of gas bel 
sider m kg OF n 
Consi¢ peratu al 


Volume at the e i 
i TEN = > at the end of expansion 
y stale 2. ume and tem at state 2. Expansion ratio, ry | s pe 
dh T, = Pressure. `" id gemperalure ats tume at the heginning of expansion 
Let pis Yi 1 sume ane - 
5 — Pressure. VE : , f 
py ve Tasan Compression ratio, r= Volume at the beginning of compression 
W ras equation Is o S! ; 
The general gas er pa Volume at the end of compression 
: py 


i Ñ eare. therefore (ii) Change in internal energy, 


smperatul 
The gas is heated al constant temps dU = U,-U,=mce, (T,-T)) 
pyi = P22 or pY = or pa ™2 v T =T) 
> gas ni) Heat supplied or heat transferred 
1) Work done by the ga (iii) H PP 
\ ; 7 — = - 
te g to stale 4. 5 . 
Integrating trom state | À In this process, all the heat supplied to the gas ~- equal to the work done 
“SW = i p dv by the gas. l 
ý 2 3 (i) (iv) Change in enthalpy 
m _ Vv 
or wash? : C dH = H, — H; = me, (T2 - T)) C Ti = T) 
i . gas 1S isothermal, i.e. PY = ~> 
The expansion of the g piti at dH = H, - H; = 0 or H; = H, 


p= PIV PH y 0.22. Explain with neat sketch an adiabatic process or isentropic process. 
i i i t . . . 
Substituting this value of p in equation (i), we ge 1 Ans. Adiabatic process is shown on the 


"E dv _y diagram in fig. 4.15. | as 
w= | P1¥l av=pivi| p-v diagr 8 Py 


yO Y » In adiabatic process, the working a : Adiabatic 
t : substance neither receives nor gives out heat ! Mers a 
. . . . a | = 
= py [loge vh = pıV1 loge ra (ii) to its surroundings, during its expansion or | ea +-- 
; , , compression. In an adiabatic process no heat i 
The equation (ii) may be expressed in terms of corresponding logarithm leaves or enters the gas, the temperature of 2} ------ an © ae. 2 
to the base 10. i.e. the gas changes and the change in internal : 
n energy is equ 
W) >= 23 piv] log V2 | = 2.3 piv; log r (iii) 8y 4 al to the work done. E = 
1-2= 23] vi Consider m kg of gas being heated ` 
dis l adiabatically from state 1 to state 2. Fig. 4.15 Adiabatic Process 
where,r = ^ . and is known as expansion ratio. 


i Let, Pi, Vv}, T; = Pressure, volume and temperature at state 1 
The equation (iii) may also be written as P2 V2, T3 = Pressure, volume and temperature at state 2. 


From first law of thermodynami 
W;.2= 2.3 mRT log [2 | = 2.3 mRT log r 50= = vs, (i) 
= pe 
(+ piyi = P2 = mRT) “No heat transfer o place, therefore 
z V Py = 0 
Since piv; = pv), theref 2 = . 
PıVı = P2V2, therefore i. oe oo W + 8U = 0 
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or p dv + me, dT= 0 F va =l 
pay (i) T. = 2 
iT = 2 V] is 
. me 7 From equati ; ...(Viii) 
` iii) quation (vi), we also k . 
We know that py = mRI now that 
: | 
Differentiating equation (iii), We gel Vi _ P] E y 
= iT vy, 
p dv +v dp = mR« ie 2 Po | , 
_ ary dp_ P dvi vap (iv) From the general gas equation ee 
dT = mR m(Cp —Cy) PIVI _ pov, Y T 
aa 7 yF = or — = mel A P2 
Equating equations (ii) and (iv). we ge! „u b nh AK) 
pes g pdv+v = Equating i aa and (x), we get 
mc, m(Cp — ey =Y 
c-c,  pdv+vdp v dp (2) x A P 
Pp c l 1 z P2 Tə Py 
Cy -p dy p dv i 
c fag T E ahs 
E-1=-1-| 3 x P| or (2 (Be) (2 v! 
Cc v _— — 
\ P r 2 P2 P2 P2 
; ha _ y- 
y= -| “52 (=y) z-(2 Y 
dv p T (p (xi) 
ma je yee oP ap (i) Work done 
v p OW = pdv 
Integrating both sides, Integrating from state 1 to state 2, 
y log. v + log. p = Constant f 
or log. pv’ = log.C ow = i pdv or Wj. > M p dv (xii) 
wis Da piv? = pov} a ae “wt Expansion follows the law n 
The uation (v) may also be expressed as Piv 
eq 2 may ~ pv’ = piv} or p= > 
P1 v k ee . v 
Pa = [2 (vi) Substituting value of p in equation (xii), we get 
1 
From general gas equation, v2 pivy V may? 
err sas oa , Wee [2 E Laa 
pivi _ P2V2 by th. % E Y v vi -y+1 
i” & or = = T x a ..(vii) " 
: ; ; ji Y yl+y 
Equating equations (vi) and (vii), we get = P1Y 7 a vi] _ Pivi Y> '—p,v} fyr Y 
V2 | Y T V2 l= Y ~ i L< Y 
== ]= = 
vy h vy _ Pv D -pov O r ¥) 
= = -~ (se piyi =pov 
or Ti _ (vo : v] v2 Y v2 = l—y a i = P22 
T, ~\v,) * Vv. Pavo—Prv1 _ Pivi~ P2V2 
v] v] = l-y = yæl (For expansion) 


———————=——— 
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T2) (For expansion) 


mR (T 
or W= y-l 
a8 Jor compression) 
mR(T - T) (For comi 
y-| 
a a aroy 
Change in internal enere. | | 
—_— "Ue U,- 0, = M-T) 
` a - 
ferred 
jii) Heat supplied or heat transfer 
{u as R i 
~hange in enthalpy 
(iv) Change ine \ i p 
dH = H, - H] = Mep (T: 1 


Numerical Problems 


correlation for a non-flow reversible 


(8 - 4V) bar, where Vis in m’. If 150 kJ 
ine the final pressure and volume 
ork is supplied to the system, determine , 
Kl the aca. tle initial volume 0.6 m’. ; ae V, is a 
Sol Given. p = (8 - 4V) bar = (8 - 4V) x 10° Nim’, Wiz =~ 
= -150 x 10° J, V; =06 m 
Work done for a non-flow quasi-static p 


V2 
Wiae f pav 


Prob.2. The pressure-volume 
(quasi-static) process is given by p = 


rocess is given by 


V 5 
-150 x 10 = f a8 -4V)x10 dV 


-150 x 103= [ev-2v°) x 10] 
or -1.5 = [(8V> - 2(V>)) - (8 x 0.6 - 2 x (0.6)”)] 
-1.5 = 8V, - 2(V,)* - 4.8 + 0.72 
or AV.) — 8V, + 2.58 = 0 


On solving above equation, we get 
V, = 3.65 m? or 0.35 m? | 
Using V, = 3.65 m° will give the -Ve final pressure which is not possible, 
thus final volume of the system will be 
V, = 0.35 m3 Ans. 
and final pressure will be . 
P2 = (8 - 4V.)bar 


= 8-4 x 0.35 = 6.6 bar Ans. 
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Prob.3. A perfect gas expands s o. 
relationship with volume - pands such that its pressure varies in a linear 
p=av+h 
where a and b are constants. 
If the initial and final states of the 
0.2 m?, determine work interaction, 


Sol. Given, py = 4 bar = 400 kPa. 7 
y, = 0.2 m°. 


gas are 4 bar, 0.1 m? and 2 bar, 


=0.] m’, p = 2 bar = 200 kPa, 


At initial state, Py =av, +b 
400 = 0.la +b | 
and at final state, Pp = av) + b 0 
200 = 0.2a + b 


Solving equations (i) and (ii), we get (ii) 


a = — 2000 kPa/m? and b = 600 kPa 
Now net work interaction, 


in, E 
Wi2= J pra (av + b) dv 
2 "2 2 302 
= ss | = hes + 600v 
"i Jo. 


m |-1000v? + 600v] 


= [{- 1000 (0.2)? + 600 x 0.2} — {— 1000 x (0.1)? + 600 x 0.1}] 
= [- 40 + 120 + 10 - 60] = 30 kJ Ans. 
Prob.4. A gas of mass 1.5 kg undergoes a quasi-static expansion which 
follows a relationship, p = a + b.v, where a and b are constants. The initial 
and final pressures are 1000 kPa and 200 kPa respectively and the 
corresponding volumes are 0.20 m3 and 1.20 m3. The Specific internal 
energy of the gas is given by relation, (u = 1.5 pv - 85) kJ/kg where p is in 
kPa and v in m/kg. Calculate the net heat transfer and the maximum 
internal energy of gas attained during expansion. 
Sol. Given m = 1.5 kg, p = a + bv, u = 1.5 pv — 85, p; = 1000 kPa, 
P2 = 200 kPa, v; = 0.20 m3, v = 1.20 m3. 
Putting the initial and final conditions 
Uy = 1.5 pyvy - 85 and uy = 1.5 pv - 85 
Uy =u; = 1.5 (P2v2 — pyv)) KJ/kg 
If m be the mass of the gas, then 
dU = U, - U; = 1.5 m (p}v2 - pı¥1) 
1.5 x 1.5 (200 x 1.20 — 1000 x 0.20) 
90 kJ Ans. 


0.2 
0 


—————=——————— 
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bE a Py OR SRE i 
Given that p= ia (i) v («." r = v/v for compression) 
— 100 = a+b x0? ~79%I5x0.12 log "l= 207 log 2 = 6.2313 K 
ji 4 v,/2 l Bhá 
For the final state of gas nid --{ll) For the constant pressure process 7.4 | 
moe atdxte a y V3 “y 
7 =) from equation (i), we get - = m T T= 3T 
Subtracting € quation UI 12b 2 3 v3 2 
"1000 - 200= 0.200- 1" 0 Taan 
any = -borb=-' X 3 — xT, (s Tst for: , 
or sl a ation (1). V2 í | Or Isothermal compression process) 
Substituting the value of b in equa 0.20) or a= 1160 v/4 
ee 190d a+ 30X e =“! x1000=500K 
i paf (a + bv) dv e7) 
Work transfer. W125 J vi na ) 
272 v5 -VI Work done, W33 = P2(v2 - v3) =150x] v] oyi 
- | ce (273, 
= 9 
i 2 2 Š 150x{ 2 n T =45kj 
(1.20)" — (0.20) 2 4 
= 1.20 - 0.20) + (~ 800) | ~~ Therefore, the net work transfer 
= 1160( 2 > 
Wret = W; 24W 
s 2-3 
= 1160 - 560 = 600 KJ = 6.2313 + 4.5 


$ = 690 kJ Ans, 
O52 W) > + dU = 600 + 90 = 10.7313 kJ 


Prob.5. Air initially at 75 kPa pressure, 1000 K ah cons = 
occupying a volume of 0.12 m? is compressed isothermally unti the volume 
is halved and subsequently it undergoes further compression at constant 
pressure till the volume is halved again. Sketch the processes on p-V diagram 
and find out the work transfer. 

Sol. Given, p; = 75 kPa = 75 kN/m”, 
T; = 1000 K, v, = 0.12 m°, v = vj/2 and pz =p3 þ-- 
v3 = v,/2 = v,/4. 

In p-v diagram, as shown in fig. 4.16 t 
process 1-2 represents isothermal e 
compression and process 2-3 represents =| þ--+==---==- 


Heat transier. Ans. 


Prob.6. 0.5 kg of air is compressed reversibly and adiabatically from 80 
kPa, 60°C to 0.4 MPa, and is then expanded at constant pressure to the 
original volume. Sketch these processes on p-v and T-s planes. Compute the 
heat transfer and work transfer for the whole path. 


Sol. Given, m = 0.5 kg, pı = 80 kPa = 80 KN/m?, ty = 60°C or T, = 60+ 
273 = 333 K, pp = 0.4 MPa = 400 kN/m?, p3 = p> = 400 KN/m?. v; = v}. 
R T This processes have been shown on p-v and T-s planes in fig. 4.17 (a) 


Compression and (b) respectively. 
py=C 


Constant Pressure 
Expansion 


=-.-þ-------->5 


compression at constant pressure. | 13 
We know that for isothermal compre- oo ' i 
ssion 1-2 5 i i 
í Fig. 4.16 Re ibl ' 

Pi¥1 = P2v2 Adiabatic 1 
or p = l xpy = 1x75 = 150 kN/m? mepa | 
v2 V1/2 i 

Work done, 
W2 = 2.3 pyv, log r (a) p-v Diagram (b) T-s Diagram 
Fig. 4.17 
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anon 
ideal gas equation. F | 
From ideal © pv, = mRT, say ed +7855 | 
P1 05SX 0.287 X 0S. ei R= 0.287 kJ/kg K) 
go x\ | = R ‘a or ait. 
- 0.597 m` 


“SS f) 
$I 1 Cer S | k 
i ic Cl mI res € 1¢ n | 
F i t u MUN ise nirople 

la alle. . 
r re ersit le at y | ) ) SS ) WO 


T; m| 1 
T M 

14-1 
T ea 14 = 15838 


— = 


333 (80 
T, = 1.5838 x 333 = 


(~ For air, y= 1.4) 
527.4 K 


icc ion 1-2. 
isentropic compression 


2) _ Pl 


Again for 


. V] p2 
\1.4 
VE T a a =0.2 
0597 400 


0.597 x (0.2)!/14 = 0.189 m? 
Von =U. 


a A 
Now for constant pressure process 2 


Ts _ y3 v] (3 V3=V)) 
T v» V2 

T O a 

5274 0.189 


F nsfer, 
For isentropic compression, heat transfer = 0, thus total heat tra 


Q= Q3 = me,(T3 - T2) 

= 0.5 x 1.005 (1666.6 — 527.4) 

(+: For air, Cp = 1.005 kJ/kg K) 
= 572.45 kJ Ans. 
Total work transfer for the whole path, 

W= Wp + W>.3 

2A i + p2(v3- V2) 

Yy = 


_ 80x0597-400x0189 499597 — 0.189) 
14-1 


=~ 69.6 + 163.2 = 93.6 kJ ABE 
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CLASSIFICATION AND WORKING 
AND ACCESSORIES OF BOIL 
~ PERFORMAN 


OF BOILERS, MOUNTINGS 
ERS, EFFICIENCY AND 
CE ANALYSIS 


J. State the classification of boilers, 

i? Or 
Give classification of boilers on different hasis, (R.G.P.Y., Dec. 2012 
Ans. Various criteria of boiler classification eis wh V., i ) 


. Scussed below E 
(i) Tube Contents — Accordin 
are classified as — 


(a) Fire tube boilers (b) Water tube boilers, 

(a) Fire Tube Boilers — In fire tube boilers 
through the tubes and water surrounds them. Heat fro 
transferred to water which is converted into steam. The spent flue gases are 
then discharged to atmosphere through the chimney. The examples of fire 
tube boilers are Cochran, Lancashire, Cornish and Locomotive boilers. 

(b) Water Tube Boilers — In water tube boilers. water flows 
inside the tubes and hot flue gases flow 


Outside the tubes. The hot flue gases 
from the furnaces pass over the tubes and are discharged through the chimney. 
The water thus absorbs heat from the hot gases and evaporates in the form of 
steam. The examples of water tube boilers are Babcock and Wilcox boiler 
Stirling boiler, etc. —————— 


(it) Method of Firing — On the basis of method 
classified as — 


(R.G.PV., June 2016) 


8 to the contents in the tube, the boilers 


, the hot gases pass 
m hot flue gases is 


of firing, boilers are 


(a) Internally fired boilers (b) Externally fired boilers. 


(a) Internally Fired Boilers — In these boilers, the furnace 
region is provided inside the boiler shell and is completely surrounded by 
water cooled surfaces. Examples of the internally fired boilers 


are Locomotive, 
. . oe T 
Lancashire and Scotch Marine boizers. 


(b) Externally Fired Boilers — In these boilers, the furnace 
region is provided outside the boiler. Its furnace region is simple and easy to 
Construct. Example of externally fired boiler is Babcock and Wilcox boiler. _ 

(tii) Pressure. 


of Steam - Boilers may be classified according to 
Pressure as follows -= 


(a) Low pressure boilers (b) High pressure boilers. 


(a) Low Pressure Boilers — A boiler which produces steam at 
x pressure lower than 80 bar is called a low pressure boiler. Examples are 
ochran, Cornish, Lancashire and Locomotive boilers. 


ering Jy generates steam 


Basic Mechanical Engine 
Pressure 
ar Is kin 


9 SAN hi , 
162 Boilers » \ poil boiler. | xamples 


sh pressure 
wn as Is h | ' 


(b) High 
her than g0 D 


at pressure hig . 
at a pres n Benson boilers 


are l aMont. Vel 
(iv) Method 

boilers are © 
(a) Natural circulatie 

al Circulation I 
by natural ce! 
are Lancashir 


yy the basis of method of 

ene OÏ a: 

. er 

of Circulation of Wat 

( 

5 ; lows l 
lassiied as li : aj yrculauion. 

irculation, ih) Forced € o 

" ese type of boilers, 

nt produced by 


Babcock and 


Roilers - In th A 
l convection curre 


(a) Natur en 
e. Locomotive, 


e sjace 
circulation of water takes sil 
he application ©! heat, Examples 
the a ca 
Wilcox boilers 
(b) Forced 


tion of water takes pl 
‘ 


j Velox boilers. 
LaMont and Velox boile 


(v) Nature of Service ~ 


pe of boilers, the 


; — In these type 9” 
Examples are 


Circulation ae means (pumps) 
- mechanical means 
ace by mec 
circula o 
Boilers are classified according to nature of 
OLEIS -> 


which are fitted on vehicles 
oilers. Examples are 


service as follows — 
(a) Mobile Boile 
i C are C 
that can move from place to place 
Marine and Locomotive boilers. o 
unan eal which can be readily dismantled 


(b) Portable Boilers - sipi ved portal boilers. 


al d t anspc ed m one place t l l 


plants are called stationary boilers. 
(vi) Nature of Draught - Boilers may be cla 
(a) Natural Draught Boilers — In this, the dra 


by natural circulation of air or gas. | 
| (b) Forced Draught Boilers - Here, the draught is produced 


rs - The boilers 
alled mobile b 


ssified as — 
ught is produced 


by mechanical means such as fans etc. l 
(vii) Position of Shell- According to the position of the axis of be 
shell. the boilers are classified as horizontal and vertical boilers. In meen 7 
boilers. axis of the shell is horizontal and in vertical boilers, ax1s of the S x ; 
vertical. Some horizontal boilers are Lancashire boiler, Locomotive boiler, 
Babcock and Wilcox boiler, etc. and the vertical boiler is Cochran boiler. 


(viii) Number of Tubes - On this basis boiler may be classified as 
single tube boiler or multi-tube boiler. or 
A single tube boiler has only a single fire tube or water tube as in Simp 


; e . ter 
vertical boiler. While a multi-tube boiler has two or more fire tubes OF vm 
tubes. Locomotive boiler and Babcock and Wilcox boiler are multi-tube bo! 
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Q.24. State the differences h 
(i) Stationary and por 
(ii) Forced circulation 
(iii) Externally and inte 
(iv) Single tube and m 


Ans. Refer Q.23. 


0.25. What is the difference hetw 


Give example of each. i 


Ans. The differences between fire tu 


in the following table — 


S.No. 


Hot flue gases flow inside the 
tubes while water surrounds 
the tubes. 
It-has small capacity dueto 
smaller heating surface area 
resulting in slow rate of steam 
generation. It is not suitable’ 
for steam power plants. 


Circulation is poor and thus 
there is every chance of a 
deposite of impurities on the 
heated surface. The construc- 
tion is such that removal of 
impurities, is difficult. 

An explosion, if it occurs, be- 
comes a very serious problem 
in a fire tube boiler because of 
its large water capacity. 


It is less efficient. 

Though it is suitable for rapid 
change in load, but large load 
fluctuations extending over 
long durations may damage 
the boiler. 


(vii) The construction is simple, 


rigid and compact. Hence, the 
[initial cost is less, 

(viii) Example — Cochran, 
Lancashire. 


Do 


etween the 
table boiler 
and natural ¢ 


rally fired boiler 
Ulti-tube boil 


Fire Tube Boiler 


ngineering 163 
f ollowing boilers — 


irculation boiler 


er, 


(R.G.P V, Dec. 2013) 


een fire tuhe and water tube boilers ? 
(R.G.P V., Dec. 2006) 


be and wi boi 
ate x ` p 1 
vater tube boilers are given 


Water Tube Boiler 


Water flows inside the tubes while the 
hot flue gases surround the tubes. 


It has a wide range of capacity due 
to larger heating surface area resulting 
in high rate of steam generation. It is 
suitable for large power plants. 


Circulation is greater, thus there are 

less chances of a deposite of impurities 
on the heated surface. The construction 
is such that impurities can be easily 

removed. 


Because of the small drum size the 
water is uniformly spread in a large 
number of tubes thus the failure of 
one water tube does not cause any 
disastrous explosion. 

It is highly efficient. 

It is suitable for large load fluctuations 
extending over long duration without 
danger to the boiler. i 


Design is complex. Hence, initial 
cost is high and it requires periodic 
examinations. 

Examples — Babcock and Wilcox, 
Stirling. 


—=—————— 


er with the 
Tak n hoiler wi 
p PV., Dec. 2008) 
(K.O! 


Į multi iubular boilers, 
ca 
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Q.26. Explain constructi 


verti ane and sizes of 
" hch. 4 ol vel aons ane SIZ 
neat sket vest APES a eant design" _ 
—_ l boiler is one arhe’ yade M pm ter per hour and for 
‘hrat ; sni -o Ot We 
Ans, Cochr Ii g € 


2000 kg Ea 
le for differen 


out 10% will 


ts design. t types of fuels, 


. 5 8 R ‘a tes 1 ~ o 
Fig. 4.18 illustra \ coal firing and 


pacities rang 
es UPO Oe 
c of the Cor hr 


evaporative ca 
working pressu 
Thermal efficien 
about 75% with ol 


| firing. 


Steam out 


Stop \ alye , 
p TED Dead Weight 
l Safety Valve 


Stea 


to withstand the bulging 


effect of the 
made in one piece 


inside st 
and has no joints. The f 
hemispherical shape. The hemispherical shape i 
of the radiant heat from the furnace. The c 
by a large number of horizontal smoke tubes. ” 
enter through the small fue-pipe into th 
the boiler shell plate which forms the b 
back plate of the combustion chamber 


conveniently dismantled and removed fo 


pe is; 


ack of 


of the smoke tubes are fixed in the vertical tub 
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Nvection heat 
€ combustion 


is lined 

r cleanin 
plate directs the flue gases into the smoke tubes. 
have 62.5 mm external diameter and are 165 in nu 
through the smoke tubes enter the smoke box a 


165 


eam pressure. The f 
Ire-box also has a 
idvantag 


ire-box is 
crown of 
cous for the absorption 
Surfaces are Provided 
Bases from the fire box 
| chamber and Strike on 
the combustion chamber. The 
with fire-bricks and can be 
g Of smoke tubes. The back 
The smoke tubes generally 
mber. The gases after passing 
nd then to the chimney. Most 
€ plates by being expanded in 


pressure Gaug! O83 


the holes but some of them are fixed by screwing into the holes. The spar: 
tubes form stays to the vertical tubes and prevent them from bulging out due 
to the inside steam pressure. A number of hand holes are provided around the 
outer shell for cleaning purposes. The flat top of the combustion chamber is 
strengthened by gusset stays. 


Manhole 


Feec Check 
\ a h e aO 


Q.27. Draw a neat sketch of a Cochran boiler. State the function of any 
five important parts. (R.G.P.V., Dec. 2010) 
Ans. For sketch of a Cochran boiler, refer Q.26, fig. 4.18. 


The Cochran% boiler is provided with all required mountings. The function 
of each is briefly stated below — 


(i) Pressure Gauge — This indicates the pressure of the st 
the boiler. 


(ti) Water Level Indicator — This indicates the water level in the 


f, boiler. The water level in the boiler should not fall below the prescribed level 
IA otherwise the boiler will be overheated and the tubes may burn out. 


eam inside 


Combustion 
Chamber 
Fire Brick SN 4 (““Pade-cesot 

Lining 


corsa (iii) Safety Valve — Safety valve prevents increase of steam pressure 
in the boiler above its design pressure. When pressure exceeds the desi gn pressure, 
the valve opens automatically and discharges the excess steam to the atmosphere. 


(iv) Blow-off Cock — The water supplied to the boiler contains 
impurities like mud, sand and salt. During heating, they are deposited at the 
bottom of the boiler, and thus reduces its capacity and heat transfer rates. 


These are removed with the help of a blow-off cock, which is located at the 
bottom of the boiler. 


Blow-Off 7 / 
Cock @ITID Q ee 


Ke AIBA (je rir vo 


Mud and Water 
Out during 


(v) Steam Stop Valve- It regulates the flow of steam supply outside. 
Blow-Off 


0.28. Describe a locomotive boiler with neat sketches. Also show various 
Mountings on it. 


Fig. 4.18 Cochran Boiler 


noit et re ing 4 
Cochran boiler consists of a cylindrical shell with its crown having 


m Locomotive boiler is a multitubluar, horizontal, internally fired and 
. N en j| 
hemispherical shape. Such a shape of the crown plate gives enough str E 


€ boiler. The principal feature of this type of boiler is that it can produce 


———— 


surface and a large 
view a large number of 
ai yy providing a larg mai 
) no surface © V hy creating a strong Mduceg 
arge heating ig iy inereasee > $500 0 000 kg steam per 
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„an generat 


draught by means 
hour at a pressure © 


o Water Level 
<— Indicator 


u Pressure 


Gauge 


Chimney 


Fire Door 


Front poor 


Main Fire Manhole, pin 
_ —— Brick Grate 


gal El 


Steam Hot Gases À 
ig. 4.19 Locomotive Boiler 

ane boiler as shown in fig. +19 one 7 a 
cylindrical shell 1.5 m in diameter and of length 4 m. The a ad Is 

‘tted with a fire box at one end and a smoke box at the other end. is 
fed “is the fire box through fire doors and burr © grate. The flue Ju so 
produced are deflected by a brick arch. The deflection of flue a e ps : 
proper and uniform heating of fire box, further it also prevents the a o . 
and coal particles with the gases. There are about 157 thin tubes or tire tubes 
of 47.5 mm diameter and 24 thick or superheater tubes of 130 mm diameter. 
Flue gases after passing through these tubes enters into smoke box and then 
lead to the atmosphere through chimney. 

The steam generated is collected in the shell on top of the water surface. A 
dome shaped chamber known as steam dome, is fitted on top of the shell. The 
steam in the shell flows through a pipe mounted in the steam dome to the steam. 
header, which is divided into two parts. One part of the steam header is known as 
saturated steam header and the other part is known as superheated steam header. 
Saturated steam from pipe enter into the saturated steam header and then passe 
to the superheater tubes. Superheated steam coming out of superheater tubes b 
collected in superheated header and then fed to the steam engine. 

The height of the chimney of a locomotive has to be kept low in order © 
facilitate it to pass through the tunnels and bridges. 


Blast Exhaust 
pipe 


Water 


A moder type of lo 
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Ip ofa f 
and Wilcox boiler. 7 @ neat sketch, explain the working of a Babcock 


iri Babcock and Wilcox boiler is a long; (R.G.P.V., Dec. 2013) 
water tube, natural circulati 4 longituding 

ices circulation type of dalio. nal drum, externally fired, 
of such boiler ranges from 20,000 to 40 ary boiler. Evaporative capacity 


‘are ff N00 kg 
pressure from 11.5 to 17.5 bar are quite - JO kg/hr of steam and operating 
JMMOn,. 


Safety Valve Junction Valve 


Supporting Supporting Beam 


Beam 


Steam 
Gauge 


Water 
Gauge 1an g= -— 


Manhole 


Feed Water 


Inlet 
Down Comer 


Damper 

fied To Stack 
eader 

Door Header 


Stoker 


Firebrick Arch 
` rate Cleanout Door 


Fig. 4.20 Babcock and Wilcox Boiler 


C a : l 
ma es ears consists of a high pressure drum mounted at the top. 
a saison connections are made with the uptake header and 
res mene a a oe of water tubes connects the uptake and 
rier ge ; eaders have a sinusoidal form. This sinusoidal form 

rranges the water tubes such that they are staggered and this 


exposes the complete heati 
DA ete heating surface to flu ~ . $ 
ù le gases. The hei 
- is the outer surface of the besa ai e heating surface of the 
i pi which is exposed to flue gases 
mud box is attached P 
¢ to y s : 
header). The cut the bottom of the rear header (i.e., downtake 


mud box and the oe and mud particles from the water are collected in the 
The rie e blown off from time to time by means of blow-off valve. 
through the fire RE co below the uptake header. Coal is fed to the grate 
otg r. Two firebrick baffles are arranged in such a manner that 


ases from th 
tok e : j 
itections. grate are compelled to move in the upward and downward 


of the cylindrical surface of the 


ee 
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e furnace i vided. They then move 


— The hot gas | 
The movement ol 


between the W ho movement o 
downwards bet Ka Aai an hel 
the flue gases in this mannet facilitat re iii en ae 
th os, The feed W 

art of the tubes. 


back of the drum and then d 


Working 


. throug 3S ar 
au he water tubes. moves upwards 
rs S c . ` 

a front riser tubes to the 


- „agers. The water , couch the 
and enters the hea = „ally rises throws . ; 
š . ag f 1a \ riş ~o ans € i 
through the inclined tubes and am ~~ due to difference of density of water 
= occurs ¢ . ront and back parts of 


drum. The water circulation OCCU "ature i 
which in tum is due to difference ot ae aust 
the furnace. thus. a thermosiphon effec 
i id ci i f water. 
S ~irculation of Wé 
continuous and rapid € eurae 


. be boiler wit 
9.30. Explain the working of a water tube W GPV, June 2012) 
sketch. 


Mont boiler as A421isa forced circulation, water 
Ans. A La-Mont Do 


which results in 


shown in fig. 
bes surrounded by steam. 


tube boiler. In this boiler water circulates 10 tu 
ied HHI Blower 
As 
Air Preheater Tit! pa 


4 
Feed Pump 
Water from Hot Well E= Benia 
Pump Speed Control | [aot Air 
Superheater 


Storage and 


Separating Drum 4 Main Steam 


Sludge | || 
Convective 
ijl Evaporator 
I Combustion 
Circulating E; Chamber 
Pump E = 


Radiant Evaporator 
or Water Walls 

Fig. 4.21 La-Mont Boiler 
The feed water from the hot well is supplied through an economiser 
separation and storage drum which contains a feed regulator that controls the 
speed of the feed pump. Since the economiser is placed in the boiler at a place 
from where hot combustion gases pass, the economiser supplies sensible heat 
to the feed water from the boiler drum flows by gravity to a circulating pump: 
which discharges into a distributing header. Water from the distributing header 
flows through long, small diameter boiler tubes located in the wall and roof 0 
the furnace to the drum where steam is separated and water returns to the 
pump. Orifice located at inlet to each circuit on the distributing header correct} 


roporti : 
proportions the water among the many parallel circuits, so that each receives 6 


to a 


Therm 
odynamics 
o o an Paan 
proper amount. The circulating pump ri A ngineadig a 
above the drum pressure to averen P rises the water ` 
circuit of small diamete i | 
t r ) l 
about 8 to 10 times the ane From the drum a ahos a long 
S anti DO i 
water circulated prevents the tubes 1 vaner evaporated This 1 o 
passes water first to radiant eval ( ton Peing overheated The pa ee ha 
JE ' i 
pass lo convective evaporator aA ator or water wall. Then oaa pump 
again to th seam and w 

separated. The steam is ae drum igis 

p is led to the tubes in which the Adian the moisture is 

am gets l 
Bets superheated 


Paper pressure to 
€ Ihe resistance t about 3.5 bar 


La-Mont boiler generates 40 
i ' to 50 t 
at 500°C and 125 bar pressure. onnes of superheated steam per ho 
ur 
La-Mont boiler has following advantages 
(i) Flexibility of design 
(ii) Compactness and small size of drum 


It generally resembles a natural circulati 
' culation boj ; 
of bubbles on the inner surfaces of the heating ae aaa = aa 
e heat flow and 


VA tow as it offers high thermal resistance than water fil 
T Ium. 


\ 431. How boilers are classified ? Wri 
and accessories of a boiler. li! EEIT peee 
.G.P. V., June 2014) 


Ans. Boiler Classification — Refer Q.23. 


Mountings and Accessories — Boi i 
— Boiler mountings are th j j 
are necessary for the safe and satisfactory diman wk of ae ee ea 
Mountings are either installed or mounted on the body of boiler a 
mountings form an integral part of the boiler and a boiler oars 
without these mountings. ee 
The commonly used boiler mountings are given as follows - 
i Water level indicator (ii) Pressure gauge 
(if) Safety valves ati 
(a) Lever safety valve 
(b) Dead weight safety valve— 
(c) High steam and low water safety valve 
(d) Spring loaded safety valve: E 


(iv) Steam stop valye (v) Blow-off cock 
(vi) Feed check valve (vii) Fusible plug | 
g. 


Boile i 
boiler an P ruraa are the devices which are used as integral parts of a 
ne p to increase the overall efficiency of the plant 
a accessories are given as follows — | 
(i) Feed pump 
(iii) Economiser 
(v) Air preheater. 


(ii) Injector 
(iv) Superheater 


D 


r mountings and 


ineering 
| Eng G.PV., Dee. 2017) 
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32. What is the 
accessories ? 


on the baile 
different! between (R. 


d accessories ofa boiler with 
tween mountings an R.G. pV, Sept. 2009) 


Differentiate clearly be 


itable examples: Or accessory: 
suita poiler mounting and RGY» Dec. 2011) 


Differens ings and Accessories — 


Accessories 


Boiler accessories are used to 
he efficiency of a boiler. 


‘ncrease t 
ler.| increase 4 
A. boiler can work without 


accessories. l 
Accessories are installed with the 


poilers to increase their efficiency, 


Examples are feed pump, injector, 
economiser, etc. 


ingsi imarily 
Boiler mountings are ee al 
intended for safety of the 

4 boiler cannot work without 


ings. 
patie are mounted on the 
ody of the boiler itself. 
Examples are pressure gauge, 
safety valves. fusible plug. etc: : | | 
| used boiler mounting and give their functions. 
function are tabulated 


Q.33. Name some commonly 


Ans. Some commonly used boiler mounting and their 


below —- 


Shows working level of water in the 
boiler. 

Shows working pressure of boiler. 
Prevent boiler pressure to rise beyond 
its safe value. 


Water level indicator 


Pressure gauge 
Safety valves 


Dual function safety valves 

(a) High steam low water 
safety valve 

(b) Low water high water 
safety valve 

Steam stop valve 

Blow-off cock 

Feed check valve 


Allows escape of steam in case of 
unsafe high pressure or unsafe water level. 
Whistles by blowing steam in case of 
unsafe low or high water level in the drum. 
Regulates the amount of outgoing steam. 
Allow to drain water from boiler. 
Checks the amount of feed water 
going to the boiler and does not allow 
its return. 

Stops the boiler, if its heating surface 
gets overheated due to low water jevel. 


(viii) | Fusible plug 
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- Name boiler mountings and explain one of them 


Ans. For name of boiler mountings, refer Q.31 aE Dae |) 


Safety Valve — The main function of a « 
increase in the steam pressure in the boiler a je , 
for the poran When ther € Is a sudden drop in st Ceeding the design pressure 
pressure in the boiler will increase. In lel on requirements, the steam 
automatically and allows escape of the fen Case, safety valve opens 
the pressure of the steam in drum falls belo, ss Steam to the atmo sphere, thus 


es a audio noi =: w the critical vaiue 
steam makes a audio noise to warn the boile critical value. The ese 


afety valve is to prevent an 


level the T attendant. Whe ) 
below the unsafe level, the valve closes automatically w; When pressure/ falls 
boiler operation: > - y without int 


errupting the 
0.35. Write short note on — Fusible plug 
Ans. Function of the fusible plug is to 
the fire tube from burning when a Hp hoe Dog town pide, ot 
the level of the water in the boiler 
shell falls abnormally low. 


Fusible 
Metal J 


The fusible plug as shown 
in fig. 4.22 consists of a hollow 
gun metal body screwed into the 
fire box crown. The body has 
hexagonal flange to tighten it into 
the shell. There is another solid 
plug made of copper with conical 
top and rounded bottom. Fusible 
metal holds this conical copper 
plug and the gun metal plug 
together due to depressions c 
provided at the mating surfaces. 


[=e] 
æ 


xagonal 
Flange 


Fire Box - 
rown Plate E 
Fig. 4.22 Fusible Pl 
This plug und iti i 2 
a plug er normal conditions is covered with water in the boiler 


ch keeps the tem 
perature of : ; 
When the water level falls low AAEE cia melag point: 


a metal quickly melts, the p 
ie ie to rush into the furnac 
ing t 
| ie the crown of furnace is in danger of being over-heated. 
S y with sketches the working of following boiler mountings — 
i a ressure gauge (ii) Steam sto — 
van — (t) Pressure Gauge - 
èe to show or read the pressure 


enough to uncover the top of the plug, the 
lug drops out and the Opening so made allows 
e. The steam, thus, puts out the fire or gives 


Each boiler must have a steam pressure 
of steam in the boiler. It is fixed in front of 


D”  _, 


type. lts dial is 


e of gourdon 
heric pressure, 


nical Enginee" ing 
atmosp 
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ç generally used al i 
a s n or KNAV above 


e pressure i 
sure 1N 


read the pres 
e gauge 1S > 


the boiler. Th 
graduated to 


A Bourdon pressut 
feature of a 


Elliptical 
Tube 


The essential 
Bourdon pressure 


elliptical spring olid 
made of bronz and 1$ E 
drawn. The one do one | 
is closed by a pl nd the Pointer 
to steam space Closed End 
of the Tube 


is connect S 
ev e closed end of quadrant 


of the boiler. 

tube 1S connected oa yee l 

quadrant WI the help 0t 4 on Saas 
toothed quadrant abi Lendi 


meshes with a small oie fitted Fig. 423 Bo urdon Pressure Gauge 

on the central Spi . . tica] tube, it tends to assume a 
. j of the elliptic i 

steam pressure is supplied to mens + must straighten out. 


circular cross-section, but befo dle by lever and 
This tendency of the tube moves and register 


gearing (pinion and quadrant), and causing 
the pressure on a graduated dial. 

The Bourdon pressure gauge is connec 
siphon which is connected to the steam spac 

The movement of the free end of the tube is pr 
between external pressure and internal pressure on 
pressure on the tube is atmospheric therefore the m 
the tube is a measure of the boiler steam pressure above at 


uld be graduated to read atleast 15 


the free end, turning the spin 


ted to the boiler through U-tube 
e of the boiler. 

oportional to the difference 
the tube. Since, the outside 
ovement of the free end of 
mospheric pressure. 


The Bourdon pressure gauge sho 


times the set pressure of safety valve. 

(ii) Steam Stop Valve - A steam sto 
flow of steam from boiler to the engine as per 
the steam flow when not required. A common 
shown in fig. 4.24. 

Main body of valve is made of cast iron. Valve disc is connected with a 
spindle by nut. The valve, valve seat and nut through which valve works arè 
made of brass for smooth working. The spindle passes through a gland and 
stuffing box fixed in the cover of the valve body. The upper portion © 
spindle is threaded and passes through a nut in a cross head or yoke carried by 
two pillars, which are screwed into the coyer of the valve body. By turning 
hand wheel fitted on the spindle, the valve spindle can be raised or lowefe™ 


p valve is used to regulate the 
the requirement and shut-off 
ly used steam stop valve 1s 
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cs a oe 
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’ c e 


aced insi à á el is 
placed inside the boiler and operated Operated by a regulator, which is 


by driver. 
Hand Wheel 


Steam In 
Fig. 4.24 Steam Stop Valve 


37. Enlist . 

i Vari P used boiler accessories and give their functi 
ns. Various boiler accessories and their functions are given bel nctions. 
given below — 


(i) | Economiser 


Preheating the f 
eed water by utilisi 
heat of flue gases. iii 
sheet the temperature of steam at constant 
— beyond saturation temperature. 
eat the fresh air by utilising the heat 
of flue gases. j 
P out moisture from outgoing steam 
lits and forces the feed water into the boiler. 


0.38. Wh 
at do you understand by the term boiler performance? 


Ans. The : 

produced by eee of a boiler is judged by calculating quantity of h 

and its quality (wet heat of combustion of fuel. Steam a i 
temperature, differe a rated or superheated) varies with different fe da a 
Such different con a oiler pressure, different saturation temperat i a 
forts have been eee It Is very difficult to compare = boller bhus 
performance OB twt ade to provide the common basis for com arin the 
ced water temper or more boilers. The standard conditions ad = ies 
ature of 100°C and working pressure is 1.01395 bar Eini 


Superheater 


Air preheater 


Antipriming devices 
Steam injector 


Mechanical Engineering | saturated steam is 2257 
a -oduce € and S¢ 
j t required to produc’ i 
and the quantity of hea n anit O 
kJ/kg and it is considered stan af the following ter ms 
: on the operatin of the boiler — 


Depending UP 
or combination of them may 
(i) Equivalent evaporation (i 
Te aa Ñ 
qii) Overall efficienc) (i 
| mbustion space l 
ae ‘ye capacity 


9.39. What do you mean by ev i< define 


: F iler 1 

, apacity of a bol i i 

Ans. The ey a r one ti i d. It is express 
cg pe 


nats full loa 

i ime at X 

ae jatically, 

ae ae furnace volume or fuel burnt. Mathen y 
era i 

g Total steam gener ated _ Ms kg m hr 

Area of grate 
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I 


Evaporative capac ity = 
Ms kg/m? /ht 


Total steam generated _ 
ae Volume of furnace Vf 
Total steam £ generated _ Ms kg/kg of fuel 
T Total fuel bumt mf 
(R.G.P.V, Dec. 2011) 
o of heat actually used in 


as the rati 
o known as 


Q.40. Define boiler efficiency. 
in the furnace. It is als 


Ans. Boiler efficiency may be defined 


producing the steam to the heat liberated 
thermal efficiency of the boiler. Mathematically, 


Boiler efficiency OT thermal efficiency 
Heat actually used in producing steam 


~ Heat liberated in the furnace 


m, = Mass of water actually evaporated or actual evaporation in 


where, 5 
kg /kg of fuel. 
C.V. = Calorific value of fuel in kJ/ kg of fuel. 
Let, m,= Total mass of water evaporated into steam i 


mp = Mass of fuel used in kg. 


n kg. 


ms 
me = — kg/kg of fuel. 
mf 
Boiler efficiency, N = ipli hey) 
mf X C.V. 
onsidered t° 


, If a boiler consisting of an economiser and superheater, is C 
e a single unit, then the efficiency is known as overall efficiency of the boiler. 
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Q.41. “Equivalent 
4 t evapo a 
meaning of the term and gi poration fro 
i m an 
performance. Bive the reason for its es ae °C”. Explain the 
n the context of boi, 
E l oil 
What is equivalent evaporatio ai (R.G.P. V., al ond 
n: ` 


ressure varies considerably. Thus, į 
two boilers it is necessary to fix ated order to comp 
term known as equivalent evibania. common Sta 

Equivalent Evaporation is the ate been de 
formed into dry and saturated steam re aed w 
elec: ee Se eee = Th 

g of steam is 2257 kJ patie e quantity of heat suppli 
Let us assume that a boiler generat r the above mentioned ppusd by 
fuel burnt. rates m, kg of steam per ho aien 
ur or kg/k f 
À h = Temperature of feed water in °C go 
gı = Enthal ‘ 
iter cra Si ra of feed water in kJ /kg of 
$ 1 g OF st 
hfg = Specific enthalpy of ev ( rom steam tables) cam 
= Enihalpy ortotal aporation at standard atmospheri 
reap ol ota heat of steam in kJ hof ste spheric pressure 
tat tanid given working pressure (from ste a S 
a ired to evaporate one kg of water = h aes 
ota i =h- 
ote a required to evaporate m, kg of wat be: 
quivalent evaporation ‘from and at 100°C’ see Dey 


2 Me(h-hf 1) 
57 ~em 
where F, = i is know | 
2257 n as factor of evaporation. Its value is always 


greater than unity for all boilers. 


Numerical Problems 


Pr. ob.7. In P 
burnt comp a boiler a fuel with 
i pletel : a lower calori : 
eel by the oud ir-fuel ratio of 25 : 1. If ch aa ieee 
l - A kJíkg K, calen aT combustion and their estat Haale is 
e boiler. Te e maximum temperatu nge specto MaL 
ake room temperature as GOT and negler ash ee i 
contents. 

(R.G.P.V., March/April 2010) 


Sol. Giy 
t= doom cm L-C.V. of fuel = 37500 
Cart saito oe KJ, A: F= 2521, cpg = 1.15 kJ/kg K, 
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t is taken by gases. there 


. T gases , 
Heal ol 5 ne ‘| D 


(Tg 
11S 3) 


Since the whole hea 
Heat of combustion = i 
= 1 x 37500 = My X Cpg x 
= (25 + 1) x 
1x 37500. 443 = 1567.18 K 
Ty = 26x115 
T= 1567.18 K ot 
emperature attame 
— 1294.18°C 
i j kg of coal 
j ration of boiler per 
ene team per hour with a dryness 
oal burnt per hour in furnace 
* . 2010) 
i C. (R.G.P.V., Dec 
7 temperature 1S 4 i 
a h a = 0.95, p = 10 bar, mf = 5500 kg, ty = 40°C. 


1294.18°C 


d in the furnace of boiler is 


Ans. 


Hence. the maximum t 
T, 


is 5500 kg an 


Sol. Given. Ms 

i # Mass of water evaporated per kg of Ta 
_ Ms e = 9.09 kg 

Me= mn, 5500 


From steam tables corresponding to a feed water temperature of 40°C, 
hy, = 167.5 kJ/kg 


From steam tables corresponding to a pressure of 10 bar, 
hę = 762.6 kJ/kg, hfg = 2013.6 kJ/kg 


h = he + xhgg 


Enthalpy of steam, 
= 762.6 + 0.95 x 2013.6 = 2675.52 kJ/kg 


Equivalent evaporation per kg of coal fired, 
-h = 
_ m, (h—hg, ) _ 9,09 (267552 -1675) _ 04 kake ot coal 
2257 2257 
Ans. 


Prob.9. In a boiler trial the following obervations are made — 
Feed water temperature = 40°C 
Boiler pressure = 15 bar 
Dryness fraction of steam = 0.85 


Coal consumption = 450 kg/hr 
Feed water supplied = 3500 kg/hr 
C.V. of coal = 40000 kJ/kg. 


Calculate the evaporation factor and equivalent evaporation at 100°C 
in kg/kg of coal. (R.G.B.V., Dec. 2014) 

Sol. Given, ty, = 40°C, p = 15 bar, x = 0.85, mg = 450 kg/hr, m, = 3500 
kg/hr, C.V. of coal = 40000 kJ/kg. 


Thermodynami m 
a cs and Steam Engineerin 
ass of water evaporated per kg of coal m me 
consumed, 
m. = ms _ 3500 


From steam tables c ; i 
les corresponding to a feed water t 
er temperature of 40 °C 


| hf = 167.5 kJ/kg 
Again from steam tables at 15 bar 


hf = 844.6 
Enthalpy of 1 kg of wet steam eet alee = 1945.3 kJ/kg 
C 


iler 
i= he tahg 


M 


Il 


844. 
Evaporation factor, 6 + 0.85 x 1945.3 = 2498.1 kJ/kg 


h- 
= hfi 24981-1675 
: 2257 = 1 
Equivalent evaporation from and at 100°C 2257 033 Ans. 
E= Feie 


= 1.033 x 7.78 = 8.04 kg/kg of coal Ans. 


Prob.10. 5000 kg of steam is 
l ' Produced per h 
in a boiler. The temperature of feed water fe DE e pedi y 
no 


steam at exit is 0.98. The mass of coal b : 
value of coal is 31000 kJ/kg. urnt per hour is 700 kg and calorific 


Determine the equivalent evaporation and boiler efficiency 
| (R.G.P.V., June 201 
Sol. Given, m, = 5000 kg/hour, p = 7 bar, ty = 40°C, x = 0.9 a 
kg/hour, C.V. = 31000 kJ/kg. i E 
Mass of water evaporated per kg of coal consumed 
m, _ 5000 
From st = "ia | i 
steam tables corresponding to a feed water temperature of 40°C 
Pe he, = 167.5 kJ/kg 
gain from steam tables at 7 bar, 
he = 697.1 kJ/k = 
E f g, hg = 2064.9 kJ/k 
nthalpy of 1 kg of wet steam generated in boet f 
h = he + xhfg 
N , = 697.1 + 0.98 x 2064.9 = 2720.7 kJ/k 
OW equivalent €vaporation from and at 100°C i 
g. Meh-hg) _ 714(2720.7 — 167.5) 
asm 7 2157 
8.08 kg/kg of coal Ans. 


Me = 


anical Enginee" ing 
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pe ` j and Steam En in P 
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P Thermal efficiency of boiler 
and thermal efficiency of boiler. m,(h-he, Pel 
7 moh r . 
N= cs : n- , 1f) E If 25707 167.5) 
3720.7 — 167.) C.V bi 
AGCA 10000 
= 31000 Ani = ().833 or 83.3% 
_ S88 oF 58.8% | S. Prob.13. A coal fired boiler plant consumes 400 k Ans. 
ations were made in a boiler — The boiler evaporates 3200 kg of water at 44.5" ' hate ey =e hour. 
Prob.11. The followiné = = 200 kg/hr a pressure of 12 bar and 274.5°C. If the calorific value of fuel a aa =f 
Coal used g 2000 kg/hr of coal, determine — s. kJ/kg 
Mass of ae = 11.2 bar (i) Equivalent evaporation (ti) Thermal efficiency of boiler. 
Steam sae a - 0.95 (R.G.P V., Dec. 2012) 
Dryness fracte ture = 32.15°C Sol. Given, my = 400 kg/hr, m, = 3200 kg/hr, ty = 445°C. 5 = 12 p 
== = , hy = a É p= 12 ar. 
apako ere = 28800 kJ/kg. ie af toai “a= 274.5°C, C.V. of coal = 32760 kJ/kg. 
Calorific value © ; om and at 100°C per kg of coa DN l f 
Calculate the equivalent evaporanion j (R.G.P.V., June 2014) Mass of water evaporated per kg of coal, 
. iency : . m, 32 
and boiler efficiency. ne solved in a similar way as discussed in Prob. 10. m, = = s ap = 8 ke 
Sol. This problem can De “ l : À f 
i Jer test 1250 kg of coal is consumed in ai - From steam tables corresponding to a t Tm 
Prob.12. In a boiler nna ke and the mean effective pressure is 7 P & to a temperature of 44.5°C 
mass of water evaporated is 13000 = paad heating value of coal is 30000 he, = 186.3 kJ/kg 
wi Mii n , 
bar. Ti pai = pos pe at 7 bar is 2570.7 kJ. Determine — Again from steam tables, at 12 bar 
kJ/kg. The enthalpy 0 ‘tan B 
(i) Equivalent evaporation per kg of coal h, = 2782.7 kJ/kg, t= 188°C 
(ii) Efficiency of boiler. (R.G.BV, Dec. 2017) We know that, enthalpy or total heat of l kg of superheated steam 


Sol. Given. m; = 1250 kg. m, = 13000 kg, p = 7 bar, ty, = 40°C, C.V. of 


coal = 30000 kJ/kg. h = 2570.7 kJ/kg. 
Mass of water evaporated per kg of coal consumed, 


m, _ 13000 


= = =10.4kg 
Me= my 1250 


o 
From steam tables corresponding to a feed water temperature of 40°C, 


he, = 167.5 kJ/kg 
(i) Equivalent evaporation 
Equivalent evaporation per kg of coal fired, 
m,(h = hy, ) 
2257 


_ 10.4(2570.7-167.5) 


2257 = 11.07 kg/kg of coal 


Deup = h, + Cp(tsup a t) 


“ 


= 2782.7 + 2.1 (274.5 — 


(i) Equivalent evaporation 
Equivalent evaporation per kg of coal fired. 
m, (h 7 he, ) 
2257 


_ 8(2964.35 — 186.3) 


2257 
(ii) Thermal efficiency of boiler 
Thermal efficiency of the boiler, 
CGV: 
8(2964.35 — 186.3) 
ý 32760 


Ans. 


(Let c, = 2.1 kJ/kg K) 
188) = 2964.35 kJ/kg 


= 9.85 kg/kg of coal Ans. 


= 0.6784 or 67.84% Ans. 


oral nd at 100°C for a 
echanical Engineenng tion from @ 


» 

sit evapora ces steam at 1.5 at 

Prob.14 Calculate a vee 60°C and pro al is burnt at the rate of 
rob.14. 


Co 
ives water ighhr calculate th 
boiler, which receives Wate Feso kJ/kg. Also € e 
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m ae PV. June 2011) 
o team genera a (R.G.P. V, | 

at wer The calorific ve as discussed in Prob. 13, 
] 5 of þol Š as 


>. Was way 
. ` . similat 
thermal efficiency dina 


a salve 
blem can be s€ 


Sol. This Pre 


, Dec. 201 

f ‘ous types: (R.G.P.V. | 6) 
; ht ? Write vario Jue to combustion of fuel, 
a to remove the gases is 
re req mply known as draught can 


wed regularly. 


to be remo oe 
ont as boiler draught. Th 


Sad as- 
be classi +d ii 


T 


Natural or Chimney 


Draught 
Draught 
T 
aa Draught 
Draug _ | 
d Forced Induced se panis, 

Ir uce ne 
Draught Draught ae ey 


j imney is termed as natural draught 

Pap ape T of densities My 

7 ae ea pee and the cold atmospheric air outside it. a 

oe ar need to handle a tremendous volume of gases, as 
gees ea Aatficial draught is produced by means of a steam jet 0 


,, June 2008) 
0.43. Explain the natural draught. | aka pes 
Ans. Draught produced by the boiler chimney 1s termed as na i 


: iti een thè 
or chimney draught. It is produced due to difference of densities betw 


hot gases inside the chimney and the cold atmospheric air mpa 

Refer fig. 4.25, consider a case when furnace is not fired. ), Pressu 
at points, A,B,C,D and E will be the atmospheric pressure ee abe 
at all the points in a horizontal line passing through top of the chi rmospheñ 
and e will also be the same say py. This pressure p, is equal to the i furnace is 
pressure column of cold atmospheric air above grate level. Now, 1 
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fired the chimney will get fill 


chimney and at grate level rem 
essure Will be the sum of prese 

pressi mol p! €ssure P2 and column 

since cold atmospheric air is he 


181 
ed with hot ases 

Ses th 
ain ünal . © Pressure at top of the 


d 

n ee 

oe z 
oe 5 
=% H 25 
Se ZE 
Ze 25 
E Boiler i pi 
o 3 = 
2] Grate Level = 
- o 

; i 


Fig. 4.25 Natural Draught 
Pressure at the grate due to column of co 


ld atmospheric air > Pressure at ( 
the base of chimney due to column of hot fl 


ue gases, 
This difference in static pressure at the 


is known as static draught. It is equivalen 
expressed in mm of water. Due to this dr 
pit through the grate and via the economi 


grate level and the base of chimney, 
t to height h of the hot gas column 
aught the air will flow from the ash 
ser and the flue to the chimney base. 
0.44. What are the limitations of chimney draught ? 


(R.G.P.V., June 2005) 
Ans. Limitations of the chimney draught are given as follows — 


(i) Chimney draught is not suitable w 


hen the rate of fuel burning 
required is to be very high. 


(i) Itis costlier than artificial draught. 


Gü) It cannot be controlled becau 


se it depends on the atmospheric 
temperature. 


(iv) The flow of air through the grate and furnace is not uniform. 
(v) It produces comparatively less draught. 
(vi) Rate of combustion is low. 


(vä) The air flow 


, cannot be regulated according to the changing 
requirements, 


(viii) It is affected considerab] 


for th (ix) Fuel consumption is mor 
Or the g e 
eae amount of work. 


y by the atmospheric temperature. 
e. About 15% more fuel is consumed 


He 0.45, Obtain an expression for draught produced in mm of water 
i Column w 


hen the discharge is maximum. (R.G.P.V., Dec. 2015) 
ae _ 


a be 
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= 
oer 
ansante? 
=...” 
= 


aughtis Ti 
a 


Equivalent Column of Hot Air 
Coleus ofCoslAir—-] 


© 
-+ 
= 
© 
4 
=! 
z 
gr] 
O 
= 
g 


average flue 
can be derived in 


Fig. 4.26 Height of Chimney 


manner — . 7 
Let. H= Height of chimney above the fire grate 1n me 
he Draught required in terms of mm of water | 
L= Absolute temperature of air outside the chimney in K 
T = Absolute temperature of the flue gas inside ite chimney in K 
n m*/kg of fuel 


Ž = Volume of outside air at temperature Ta 1 
= Volume of flue gases inside the chimney at temperature T, in 
m-/kg of fuel 
m = Mass of air actually used in kg /kg of fuel 
m + 1 = Mass of flue gases in kg/kg of fuel. 

Let us find the volume of outside air per kg of fuel at N.TP. i.e., at 0°C 
and 1.013 bar) 

Let, vy = Volume of air at 0°C. 

Absolute temperature, To= 0°C +273 = 273 K 

Atmospheric pressure, Po = 1.013 bar = 1.013 x 10° N/m2 


We know that pv = mRT (e 1 bar = 10° Nim’) 
MRT) _ mesa 
Po — 1013x10° 
0.7734m m3/kg of fuel 
(°> For air, R = 287 J/kg K) 


a 
o 
è 


Vo= 


Volume of outside air at T, K, 


LE Vol, Oh Yo =< a 
a To To a 
_ 0.7734mxT, 


_ mXT, 3n¢6 of fuel 
ma = aa m'/kg 


T, 
hermodynamics and Steam E., 


Density of outside air at TE ngineering 183 
P, = m o m 353 poii 
vo mT op kg/m 
i 353 k .. Density = Mass 
Pressure due to a simil; Volume 
Millar column of out; 
Pa = Density x height x g mide (cold) air, 
sM g= 353 


According to Avogadro’s law, the f] 
volume as that of air used at NTP oe 


q *Hx981= ii Nii 


a 
gas at N.T i 
P occupies the same 


Volume of flue gases at 0°C 
=0. 
Volume of flue gases at LK i milks of fuel. 
mT, , 
V = aga " /kg of fuel 
Density of flue gases at DE 
mp m+1 _ 353(m+ 1) 
353 
Pressure due to column of hot gases at the base of chimney 
Pg = Pg Hg i 
_ 353(m+ 1)Hx981 _ 3463(m+1)H 
mT, mT, i 


The draught pami is due 
to the pressure diffi 
py of gas in the chimney and a similar column of cold ai een the hot 
mney. Therefore draught pressure Paec ihe 


P= Pa- Pg 
jë 3463H 3463(m + 1)H 
h mT, 
p= son _ oa E 
a mT, (i) 
1 
h sasn -tD : 
J mT, mm of water vali) 


l 


= 9 
[Since, 1 N/m? = Sai = 0.101937 mm of water ] 


Equation (ii) ø; j 
Is maximum, x aon the draught produced in mm of water, when the discharge 
Static draught. The gives the theoretical value of the draught also known as 
actual value of draught is less than the theoretical value. 


i 
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ion fo 
se an expressie". er 
Q.46. Derive caught pressure 


Ans. AS derived in Q.45, d | (m4 1) 
p= 3463H i: mT, 


r chimney height. 


N/m? (i) 


aa hich would produce 
f the hot gaS column wl 
-oht in metres © g 

f H' is sight in me 

If H' is the hets ) 

are p. then 
> draught pressure PT”, | 
the draught P = Density X H' xg mae 
E 14 1)H'X981 34030 r 


3531m + D) 
353M mi, 


= mT, 


the value ot P in equ 


l 1 m+! 
36am+ DE 3463H = ap 
mT, Ta s 


-H m E) metres 
ms m+! T 


y under a static draught of 


ation (i), we get 
Substituting 


The velocity of flue gases through the chimne 


H' metres is given by 
V = 2H =443VH' 
tural and artificial draughts. 
m (R.G.P.V., Feb. 2010) 


Ans. Differences between natural and artifical draught are given as follows - 


Natural Draught Artificial Draught 


Its initial cost is high. It is more economical. 
It cannot be controlled. It is better in control. 
It produces comparatively less | It produces more draught. 
draught. 

Its rate of combustion is low. 
In this system, low grade fuel 
cannot be burnt properly. l 
It is considerably affected by the | It is not affected by the atmospheric 
atmospheric temperature. temperature. 

Lower efficiency. Higher efficiency. 

Fuel consumption is more. Fuel consumption is less. 


Q.48. Differentiate between natural draught and forced draught. 
(R.G.P.V., Dec. 2011 ) 
l Ans. Since forced draught is a type of artificial draught, therefore the basi¢ 
differences between natural and forced draughts are same as those for natu! 
and artificial draughts, which are discussed in Q.47, 


(neglecting friction) 


0.47. Differentiate between 


Its rate of combustion is very high. 
Low grade fuel can be used. 


4 henge i 
0 VAY. Discuss VATIONS mo 


Ans. Various methods of prod 
u 


(i) Steam Jet Draught = 


or forced draught depending 
jet draught, the exhaust stean 
for producing draught. It js mc 


In a forced steam jet draught, th 


Exhaust Steam 
from Steam Engine 


box. But besides this, the exhaust 
steam from the cylinder can be 
led to the nozzle in the smoke box, 
and induced draught created. 


Forced draught produced by 
steam jet is shown in fig. 4.28. 


: Kinetic e 


l u se i 
9 I 1 I i ic ener 
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d € 7 r P 
UPON where the ay oo 
1, from a Non-co 
SHY Used ; 
steam jet draught, the steam jet is fee 
e steam jet ise; 
the ash pit under the grate of the ane iii 
Induced draught produced by steam jet is sh 
S 
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al draught 7 . 
' IUght are disci. 

Steam jet are discussed below — 
m jet is locat 
ndensing Ste 


ZANE is plz i 
g fromt zzle j 
A he nozzle is placed in 


we 
RERET 


A 


LZLZZZZZZZ > 


deeccee 
ISErgsseseece 

Seeceesceae 
eee eee tt ett tcccccccccccsesesesl 


Nozzles Diffuser 


Fig. 4.28 Forced Draught Produced by 
Steam Jet 
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ro 
is converted to pressure seit 
the furnace. Normally, the n mee 
in conjunction with steam j diae 
accelerating device helping 1€ 
ii raugh 
(ii) Induced D y 


shown in fig. +4 


1 1S "a atenad at the 
systenl fan is placed i 


gas from 


Ta i the induced 
suction hei urd 
> pam upon the draught ace 
After the drop in the flue. ae ci 
nomiser. finally a suction head s 
economiser. \ 


vailable to draw in air g 
ne draught is independent of the 


hot column of air in chimney. therefore, 


the gases may be let out as cold as possible 
after recovering as much heat as possible. 
In this system. function of the chimney 1S 
to dispose off the hazardous smoke and 
gases high up in the atmosphere. Its pmary 
purpose it not producing draught. 
Therefore. height of the chimney may not 
be very much. 

(iii) Forced Draught - In 
forced draught system, a fan is installed 
near or at the base of the boiler to force 
air through the coal bed and other passages 
through furnace, flues, economiser, air 
preheater etc., to the stack. Forced draught 
is a positive pressure draught. Schematic 
layout of the forced draught is shown in 
fig. 4.30. 


The encloser for the furnace etc., 
has to be very tightly sealed so that gases 
from the furnace do not leak out in the 


boiler house. 


(iv) Balanced Draught - The 
balanced draught is a combination of the 
induced and forced draught system. The 
forced draught fan forces air at sufficient 
pressure to pass through the fuel bed 
either direct or through the air heater 


| aip is 10 

hus all h 

and tl himney dra 
1c stea 


atura 


orced through the coal bed to 
ught is also provided 
m jel draught is only an 
ight more effective. 


| drat 
ced draught 


gement for the indu 


ic arran 
Jematic alte 
f- Schei Chimney Outlet N 


Induced Draught 
Fan Suction 


Fig. 4.29 Induced Draught 


Chimney Outlet A 


Fig. 4.30 Forced Draught 


Chimney Outlet A 


Induced Draught 
Fan Inlet 


Furnace 
Draught 


—— 


G 


Fan 


Wind Box 


Boiler 
Outlet 


Inlet Force 
O | Draught 


Outlet 
F.D. Fan 


Fig. 4.31 Balanced Draught 


Q.50. Compare forced and induced 
Ans. Refer Q.49. 


Numerical Problems 


Prob. 15. A chimney of 30 m height js dischargj 
when outside temperature is 30°C. The air-fuel nS hot gases at 320°C, 
(i) The draught produced in mm of nea = Calculate — 
column 


(ii) The temperature of gases fi 
Or maxi r 
time and what would be the draught Produced comes nsw e in a given 
nding 


(R.G.P.V., June 2011) 


Se SO ne PUB HIN Ke ace. 30 


+273 = 303 K, m = 20 kg/kg of fuel. 


(i) Draught produced in mm of water 
Theoretical draught in mm of water is given by 


h = 353H nor) 
T 


a g m 
= 353x opa __1 (20+1 
303 593\ 20 
= 16.2 mm of water r 
ns. 


(ti) For maximum discharge 
Temperature of hot gases for maximum discharge is given by. 
5S ’ 


i m+1 0+ 
Leg TTi _ 20+1 5 - 


Corre ondi ge 
sp nding draught produced for maximum dischar 
ƏYs 


h' = 353H `. ae] 
a m+] m 
yr 


— 


m 


- 353H _ 1765H 
2T rT 


a a 
= 1765x30 
303 = 17.47 mm of water Ans. 


9 
ure substance : 


tis used as the oo 
51. Define steam. ©" as ngines. Pure steam is almost 
2" may be defines ** es and steam ene” f perfect gases, unless 
ae ion of apes dition is known ag 
a rati g p ul “ied con N § 
min ope -apour WO < cuch a dri Se cae 
eee Steam as a ere yn, Steam in sue h a perfect gas. 
invisible. dried cond! Ol. © 
: ighly are a assume 
eines ie „m and it can be ass hemically 
stean! < ains chemici 
a e which oer i in either 
Any SUOS ains invaria 
; hich remains ; (H O 
. nw hich Foaia steam J , e. 
ae ee pure substance. as thus it is a pure substanc 
is called as . R solid, tus 
= phases. liquid, gas = 


(R.G.P.V., Dec. 2016) 
y? 
iş dryness fraction : ry steam to the mags 
0.52. What i 7 ion is the ratio of mass of see ae x’. Therefore 
mess f ae ~ . ? 
Ans. Dry se steam. It is generally denote 
of same quantity Ot i m 


ap 


apours. I 


phase or combination of Phases, 
) has a fixed composition in al] 


o 


a m, +m, 
= Mass of actual dry steam 

-o 5, = Mass of water in suspension. “ore 
What is latent heat of vaporization ? | (R.G.B.V., oa 
| s hidden, thus latent heat 1s the heat supp at 
ena ae sensed by a thermometer. During latent heat addition, 
hats ae ae while temperature remains constan. , 
- uae ae water is evaporated at its boiling point without ands 
oe aii of heat absorbed is known as is Aa ae 7 

Here, heat is utilized for changing the phase of 100°C water 

It is denoted by bye. 


0.54. Define the following terms — 
(i) Sensible heat of water 
(ti) Latent heat of steam 
(iii) Dryness fraction of steam 
(iv) Saturation temperature of steam. 


(R.G.P.V., June 2012) 


: ce, if 
Ans.(i) Sensible Heat of Water - The heat supplied to a Se esi 
sensed or measured by a thermometer is called sensible heat. During $ 


. ible is eq" 
heating only temperature rises and no phase change occurs. Sensible 


to the enthalpy of the substance at a given pressure. i 


defined as 


© dynamics and St f ; 
: eam Engin 
When I kg of water jg heated at gineering 
i ` te “~d at a cons f 
point (°C) to the temperature of for Aio a Pressu 
absorbed is known ag Sensible heat of wat o steam (t 
Heat absorbed by water 


Therefore, 


189 


re from the freezing 
), then amount of heat 


ll 


Sensible heat = 1 x 49, (t+ 273) _ | 
= 4.2t Kk ~ AU + 273)) 
I~ Specific heat 
f water — 
(ii) Latent Heat of Steam Of water = 49 kJ/kg K] 


~ Refer Q, 59 
(iti) Dryness Fraction of Ste 


(iv) Saturation Temperature — 
heating vaporizes into steam, at a giv 
temperature of steam. Saturation temper 


am ~ Refer Os 


The temperature at which Water on 
en pressure IS termed 


tt ; ~C as Saturation 
ure of steam remains constan, ¢ 
l "alns constant for a 
given pressure and the pressure js Called Saturation Pressure of steam 


0.55, Write short notes on the following ~ 
ip meen hyat i) Dryness fraction (iii) Superheat, 


(R.G.P.V., June 2010 
Ans. (i) Latent Heat — Refer Q.53. ) 


(ii) Dryness Fraction — Refer Q.52. 
(iii) Superheat — The Process of heating of dry 


Steam is called 
er heating is converted i 


The degree of superheat is 
and saturated temperature of steam. 


0.56. Define specific volume of steam. 
Ans. The specific volu 
expressed in m/kg. Specific 
Specific volume of wet 
Specific volume of dry 
Specific volume of sup 


me of steam is its volu 
volume decreases w 
steam = xv, m3/kg 
Saturated steam = v, m3/kg 
erheated steam i 

Vot 


_ 'g*sup 
Vsup Bi t 


me per unit mass. It is 
ith increase in pressure. 


z=) 


0.57. Explain in 


brief enthalpy of steam. 
Ans, Ẹ 


nthalpy of steam is also known as total heat of steam. Enthalpy is 


sorbed by water from freezing point to 
erature plus the heat absorbed during evaporation. 


E 
nthalpy Of steam = Latent heat + Sensible heat 


Mechanical Engineering am is given as 


190 Basic - wet ste 
> Wet Steam - The enthalpy ot 
i 
(i) ne hrig 
; steam. 
= fraction grs > team, X = l, hence 
— eat d Steam — In case of dry ste 
+e Saturate 
(ii) Dry ne h, =ħrt Nrg EE N ee 
; ı— It we further add hea haps pus ed 
ji) superheated Steam ~ sressure remains constant. [his increase 
5 nereases while pr team. Thus, total heat required 


erature ! age of the s 


hows the acne st 
-perheated 1S. 
be superhea l 
— Total heat for dry stea 
” steam 
-t 
= h+ hfg +C, Gap ) 


= h, ag Cp (tsup z t) 
a t the given constant pressure 


steam, its temp 


in temperature S 


for the steam tO m + Heat for superheated 


Duy 


t = Saturation temperature a 
uperheated steam 


where, 
t pressure for superheated steam, 


teup = Temperature of thes 


c_ = Mean specific heat at constan 
p 


(R.G.P.V., Dec. 2014) 


0.58. What is internal energy ? 
s the actual heat energy stored in steam, above the 


al energy may be calculated by subtracting 
ion from the enthalpy of steam. 


Ans. Internal energy 1 
freezing point of water. The intern 
the external work done during evaporat 


Internal energy of steam | | 
= Enthalpy — External work done during evaporation 


The expressions of internal energy are given as follows — 


(i) For wet steam, 
u= h-100pxv, 


= (hy + xhg) — 100p x v, kJ/kg 
(ii) For dry saturated steam, 
u= (h;+ hjg) - 100pv, kJ/kg 
(iii) For superheated steam, 
u= Ba 100 Poup 
= {h,+ Cp(tgup t)} — 100PVup KJ/Kg 


0.59. Explain the entropy. (R.G.P.V., June am 


c 
Ans. The term entropy means transformation. Entropy is a thermody ol i 
property of a working substance which increases with the addition © he 
and decreases with removal of heat. 


) 


Thermod, ; 
During evaporation Of 1k AE a Steam Engineerin 
js equal to the latent heat of y £ of water at saturation te a 
i aPorization, H Mperature the h 
; eat added 


ence the e 
ntro hek 
Sym E PY of vaporization is 


Therefore, the , 8 
he entropy of dry and satur: 
S= 5 rated steam is 
=Sr+¢ 
Entropy of wet steam is aiet i fg 
Entropy of superheated steam EHX sp 
Ssup = Sg toa log, Tip 
i, 


0.60. Define following processes OF soam = 
(I) Constant pressure (ii) Constant Vol 
ume. 


Ans. (i) Constant Pressure Process 
steam remains constant before and after the 
in a boiler is an example of constant pressu 


In this process. the pressure of 
à : 
p ocess. The generation of steam 
Te or isobaric process. 


Also derive expression for work done, change in i 
transferred during process. als 


Ans. The py, T-S and . 
; , h-s dia 
h a grams for 
sown m fig. 4.32 (a), (b) and (c) respectively, gii 


Assume the 
stea 
condition of steam aa adsl constant pressure process. Let the initial 
condition in the ‘ Wet region 1s represented by point f and th . 
7 Superheat region represented by saint | the final 
or ) 2. 
constant ne 5 The work done durin 
Pressure is given by 


pressure process are 


§ a reversible non-flow process at 


Ww 2 
z~ |Piav= Pi (V = v,) KJ/kg 


ll 


Where 
> Vv 
l XV - 
. 2 + (1 XIVe at pressure P, 
G) Volum 
e of superheated steam Corresponding to pressure p, = p, 


and temperature To 


I 
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Let the initial conditio; nderg 


Mechanical Engineering ni 
S a constant vahi 


l Oo” Superhes me cooli 
uperheating temper; _ fated stez Ing process. 
pi Critical Point supene ee sila l, and the fi ‘cam be defined by pressur 
and dryness fraction Xz, then inal condition of st e p; and 
eam as pressure P» 


Vi = y at 
sup, ®t Pressure P, a 

an 
v= (I TX2)Vf +x Sii 'emperature T, 
FXov, , 
2 2" gy at pressure P, 


and Vi = vV =y 
2 sup, ~ Vf +Xov, _ 
Therefore, Ky = sup; ~ Vf, 
Vg, =V 
g2 ~ V4, 


(c) h-s Diagram 


-S Diagram 
0) Ts ure Process 


Work Done — Since dv = 0 or J pdy = 0 
v= 


-y Diagral ni 
e pa ‘ ene non-flow process is given by, Therefore, work done is Zero in this 
Heat Transferred z one + pdv Heat Transferred — By fier law of Fiial me 
gamt iS Joa h, kJ/k ôq = du + pdv 5 S, 
i = (uy — Uy) + Pa¥2— PM = D2 . ath = 4i-2= (u -u,) + [pay 
ferred at constant pressure is equal to change in enthalpy, 
Thus. the heat trans The change in internal energy for a constant But, Í irag iee sorta, 
™ | E 


Change in Internal Energy 
= (hy = mv) = (h, = 
2V2) = (hy -= pyv,) KJ/kg 


process is given by, ) 
— pV 
= (hy — hy) - (P2 7 PAM Thus for constant volume process, the heat transferred during the proc 
g ess 


pressure heating 


u, — Uy lature used for states is given by the diff i 
t pressure cooling process thie poaae is given Dy the dulterence of internal energies at the two limits 
re Change in Internal Energy ~ The iniga i i 
will be interchanged. — i a Jal internal energy of steam 
‘on for work done, change in internal energy an E u; = h; ~ 100 p, Va, Kike 
0.62. Derive expressio! Final internal energy of steam ki 
sfer during a constant volume process. 
ee i for a constant volume cooling process = W= hy - 100 P2 X, Vv, kJ/kg 
Ans. The p-v, T-s and h-s diagrams fO .. Change in internal energy of steam ~ 
du = ù — Uy 


are shown in fig. 4.33 (a), (b and (c). 
T 


For heating process 
, at constant vol 
will be interchanged. ume, the nomenclature used for states 


0.63. What do you mean by throttling of steam ? 


m Fear aes is forced through a restricted Opening such as a narrow 
iat vias Paa opened valve, It 1S Said to be throttled. The aperture is so 
aperture, the vets 0 Inictional resistance between the fluid and the sides of the 
ney © reine of outcoming fluid is almost reduced to zero. The kinetic 
Was wet i a e into heat by friction. As a result of this, if initially steam 
superheated I art drying up as it expands, and if it was dry it will become 
ic) h-s Diagram etema st } a throttling process there is no change of potential energy, no 
is done and if pipe is well lagged there is no heat transferred. 


7 
(a) p-v Diagram (b) T-s Diagram 
Fig. 4.33 Constant Volume Process 


O A 


Thermodynam; 

„and T-s diagra CS and Steam En ineering 195 

process ann WwW apene 0.65. Explain Constant en 
a narrow i re, 


, nical Engineering ; 
Basic Mecha throttling 
194 or ad through 


; ipy 
0. 64, Explain constant entha am throttle 


ret ste 
Ans. Consider 1 kg of we 


1 and 2. “t Steam heing heater 
between states 


> 1 by rey P 
n ers 
- 0. Let. Pı = Initial Tessur . 
hrottling proces® erred. i.e- 1-2 ” = iaaa é © OF the steam in bar 
in a thre is transiet -0 Vey = Specific volume of th | 
No heat ! Wi =" ) e dry Saturated 
0 ark is done. 1e du = 0. 
4 


2 = Inie; steam į 3 
ee X1 = Initial dr j n m/k 
i) Now anal energy. 167 : ] 2, we h; ! a YNESS fraction Of the steam . 
(i) intema tates | and 2, we Nave =C ; 
= No change in sation between states Pz Vegy X2 = Orresponding Values for the final conditic ith 
(il arov cqui ei , E M Of the < 
teady flow energy eg 2 i Initial entropy of steam before expansion € steam, 
N plying stead; . V3 + 22> + W 1-2 (i) 
iâ Vi 4 gz, ta =h2* Z ities V, and V ; X hfg, 
hit 4 The velocities l an 2 Are S] = Sf, > = Sp + X| Se 
é ` Z, = Z). T l fay 
| is same. therefore, 2) = % | 
PV | 1s ` àd e . a 
Since datum leve 2 ‘ple. Thus, equation (i) reduces to and final entropy of the steam after expansion 
oa A 3 e. 9 
Vr ~ are negligi si X h 
and (ii) 2" fg 
ver small, thus 2 j ss Sf T = Sf, + X> Sfp, 
h, = h, 2 82 


mains constant. 


| ince the entropy before expansion ; 
Thus. enthalpy re Since t Py p N 1S equal to the entropy 


ansion after expansion, 
Initial enthalpy of steam before exp therefore 
h= By +31 a xi, 4 2e 
Final enthalpy of steam after expansion “a EL f T 
hy = hy, + Xz Bre, m St HL Ste) = Sp H Sp, 


where Sfp hfg, and T, represents entropy of water, latent heat or enthalpy of 
evaporation and temperature corresponding to pressure Pi. 


Sf,» hfg, and T, represents the corresponding values at pressure p, 


Py ġ Sfp, and Sfg, represents entropy of evaporation. 
2 . 
Change in Internal Energy - 
2 Saturation Initial internal energy of the steam, 
Curve 


uj = hı = 100 P1Yı 


i where, v, = Initial volume of steam = X1 Vp, 
s and final į 
j (b) T-s Diagram (c) h-s Diagram inal internal energy of steam 
(a) p-v Diagram ý u, = h, = 100 Pov> 
i Enthalpy Process 2 2V2 
AAS eee omana example, Miere v = Final volume of steam 
j nt 1 ’ 
2 i l j=] ~ 
xX, = | steam is dry saturated FV (For dry saturated steam) 
X, > 1 steam is superheated. ial ) = Voup (For superheated steam) 
The process is shown on p-v, T-s and h-s diagrams in fig. 4. O Change in int 


ernal energy 
and (c) respectively. dü s= uy 
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Sn ing an adiabatic process, theres 
Si o heat is added or subtracted during a efor 
ince no heat 1s é 
qr = 


g to first law of thermodynamics, the heat absorbeg 


Work Done - Accordin 


or heat transferred. 
qı „= du + Wy? . t 7 a i 7 
he -eaversible adiabatic or isentropic pr 
_=0, during a non-flow reversible adi PIC Process, 


Since qı- he process, 


therefore work done during t 
wį.2=- du = Uy — U2 l 
This shows that during a reversible adiabatic or isentropic process, work 
ris shows the gar i 
done is equal to the change in internal energy. 
If the process is steady flow reversible adiabatic process or isentropic 
process. then according to steady flow energy equation 
hy +qı.2 = hp + Wir 
i = e 
Since q;.> = 0. therefor 
Wy. = hy - hy 
nO 
This shows that during a steady flow reversible adiabatic process or 
: , 7 
isentropic process, work done 1s equal to the change in enthalpy. 
0.66. Show the various processes of steam in a T-s diagram. 
(R.G.P.V., June 2014) 


Ans. T-s diagrams for constant pressure process, constant volume process 
and constant enthalpy processs are shown in Q.61, Q.62 and Q.64, respectively, 
refer them. 


T-s diagram for isothermal process will be a horizontal line as shown in 


fig. 4.35 (a) and that for an isentropic process will be a vertical line as shown 
in fig. 4.35 (b). 


eee m 


S1 S2 517 i 


— E 


(a) Isothermal Process (b) Isentropic Process 
Fig. 435 


AMi a 


Iriri « 


Haam Enaiy 1 
Nua | 
hù l i J E ! 
> t. x | 
E T6. Find enthalpy pf 
(i) Dry yo Slory, ai ji 
a Y and Saturated Mar in folg 
ii Vet hay; ij “ 
(it) si i, INE drynes. fraction 7 E 
u : on N OSs 
Perheated loa degree f 
e o SUperhe 
Sol. Gi $ 
k Given, P= 10 bar, x =()95 CGPI 
xo: ; , r.f y 


From steam lables at 10 b; 
ar, 


hy = 762.6 kJ/kg, hy, 


= 2013.6 ky 
l 9D KJ/ko. 
Now we will calculate enthalp E 
a i ‘ iÀ : 
- p l Fj cam 
l (0) When steam is dry and satur, 
Enthalpy of | ko of dry a ra 
eu STY and saturated sten. 
h=h, | 
=h +h. 
Ty 
= 7162.6 + 2013 O 


i = 2776.2 kJ/kg 
(ii) When steam is wet 


Enthalpy of 1 kg of wet steam hav 
h = he + xh, 
= 762.6 + 0.95 x 2013.6 


p = 2675.52 kJ/kg 
(iii) When steam is superheated i 


Enthalpy of 1 kg of superheated steam, 


ing dryness fraction ot 


heup = h, + Cpltsup ~ t) 
= 2776.2 + 2.1 x 50 


Pa = 2881.2 kJ/kg Ans 
200.17. Find the enthalpy of steam at 9 bar, when it is dry satu 


rated. 
(R.G.P.V., June 2015) 
ar, from steam tables. 


(Let Cp = 2.1 KJ/kg K) 


Sol. Enthalpy of dry saturated steam at 9 b 


h= hy 
= 2772.1 kJkg kee 
Prob.18. Us; z l 
Superheateg , Using steam tables, determine the mean specific heat for 


ed steam at 1 bar between temperatures of 150°C and 200°C. 
(R.G.P.V., Dec. 2010) 


p 
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Sol. From steam tables, 
r J 
At 1 bar and 150°C,  ħsup; = 2776.3 yie 
and at 1 bar and 200°C. hsp, = 2875.4 kJ/kg 


Now mean specific heat is given by 


sup ~ Heupy 
. a 
“ps ~ (> ~ ti 
2875.4 — 2776.3 
= 200-150 
= 1.982 kJ/kg K Ans. 


19. Calculate the internal energy of 1 kg of steam at a pressure of 


10° bar, when the steam is - 
(i) 0.9 dry (ii) dry saturated (iii) superheated to 250°C. 
(R.G.P.V., June 2014) 
Sol. Given, p = 10 bar, x = 0.9, tsup = 250°C. 
From steam tables at 10 bar. 
hy = 762.6 kJ/kg, hfg = 2013.6 kJ 
Now we will calculate internal energy of steam, when if ¿s — 
(i) 0.9 dry 
Internal enrgy of 1 kg of wet steam. 
u= (hy +X hfg) — 100 p X Vg 
= (762.6 + 0.9 x 2013.6) — 100 x 10 x 0.9 x 0.1943 
= 2399.97 
= 2400 kJ 
(ii) Dry saturated 
Internal energy of 1 kg of dry saturated steam, 
: u= hç + hfg — 100 p vg 
= 762.6 + 2013.6 — 100 x 10 x 0.1943 
= 2581.9 kJ 
(iii) Superheated to 250°C 
Internal energy of 1 kg of superheated steam, 
= heup ~ 100 PV. 


/kg, Vg = 0.1943 m°/kg, t = 179.9°C. _ 


Ans. 


Ans. 


Usup 


_ Fur 
= (he + beg) + Cp (tsup —t) = LOOP Vg* 7 


The 
Modynamiog and § 


= (- tea ; 
(762.6 + 2013.6) 49, os — 199 
fF) 
100x 10x 01949, (250+ 273) 
E (179.9 + 273) 
à en an P5 2 Wig K) 
20. Steam at a ~M 

superheater and leaves at 4 a of 10 bar and Ans, 

How much heat has been pan Perature of 300°C wia ness FO.) onte 
change in its internal en me nee bY the Steam per k nra drop in prema i 
Cy = 2.3 kJ/kg K. 8Y. Consider Specific rk. a ine a, 
Sol. Given, Pi =P, = 10 bar RGY Dee. Soe 
s J 


X1 =09 
From PQs 
steam tables at 10 bar, 4 = 300°C, c, =23 kJ/kg K. 


h; = 762.6 KJ/k 
f 8, h; = 2013 
Vg = 0.1943 miykg. Phe, h, = 27762 iwe, jà 


PC, 
Enthalpy of steam at inlet of Superheater 
by = h+ X heg 
= 762.6 +0.9 x2 
l . 013.6 = 2574.84 g 
Specific volume. of steam at inlet of superheater “ws 
V= xy, 
= 0.9 x 0.1943 = 0.17 : 
= 0.17487 m/kg 
Enthalpy of Superheated steam at exit of superheater 
hy=h, + ¢, Go ~tD 
$ E 2776.2 + 2,3 (300 — 179.9) G Sup = ty) 


Eo ee = 3052.43 kJ/kg = 
and volume of superheated steam | 


s R 


300+273 


_ ae 
Va = sup We te 
2= Vy x= = 0.1943x =") 24589 m3 
‘ 8 " = 0.245 Pd o 
"a O T E 
1è o =h, hy s e 


y 


LŽ a 7305243 - 2574.84. * 
san a Ans. 


eering 


200 Basic Mechanical Engin 


Change in internal energy 


=Uy47 


enters int 


Prob.21. At 1.2 MPa, 4- 
30°C. Determine the work ° 


The expansi0 
isentropic- 
From 


tables of superheated steam at 12 bar 250°, 
h, = 2935.4 kJ/kg. $1 7 6.831 kJ/kg K 
based steam tables at 30°C, 


_ bg = 125.7 kJ/kg, Pfg2 


8.018 KJ/kg K 
be isentropi 


From temperature 
Paay = 0.04242 bar 


i 2 
Sf = 0.437 kJ/kg K. Sfg2 = 


s assumed to Cc, therefore 


e Since expansion i 


& s, = 
6.831 = 0.437 + X2 * 8.018 


6831-0437 _ 97975 


S, = Sf, + X2Sfg> 


@ 
or X= 
R 8.018 
Enthalpy of steam at the exit of turbine, 
& 
F i 5 h, = hf, + xohfg, 
= 125.7 + 0.7975 x 2430.7 
= 2064.18 kJ/kg 


9 
Thus, woyk output of turbine 
v ° ; = m (h,- hy) 
= 10 x,(2988.4 - 2064.18) 
= 8712.2 kJ/s or 8712.2 kW 


x 102 x 0.24582) 
x 0.17487)] 


2 ; 
=h,- h,) (P2*2 
3052.43 - 2574.84) - Ils 
(er (15 x 102 
477.59 - 106.425 
371.165 kJ/kg 
o a turb 


am 
aedi turbine for 10 kg/s of flow rate. 
(R.G.P.V.» Dec. 2014) 


= 250°C, t, = 30°C, m = 10 kg/s. 


e reversible adiabatic, i.e. 


Ans, 


ine and expands to 


= 2430.7 kJ/kg, 


Ans: 


ose 
o 


kas 


Therme 
dynamics and Steam E L 
-ngineering 


at suppl ie 
he ied and work do , 
tag kg of steam. Furth 
Fa if volume 


ept constant 
k J ’ find how much he 
steam to 14 bar. at be extracted r 
0 reduce the 


Sol. Given, p = 18 bar, x, =0.9 
= U: Äg = 
2 l, P =p, = 18 bar v A 
1 = Vy A 14 


(i) Constant pressure heatin 
At 18 bar, from steam tables f 


v.. = 0.11033 m3/k 

8 , = 

8, hf = 884.5 kJ/kg, hy, = | 
fe; = 1910.3 kJ/kg 


Initial volume of steam 


Vj= x 
1 IVg} 


= 0.9 x 0.11033 
: =0. : 
Volume of steam after constant pressure jena m?/kg 
ition 
V2= Vg, =0.11 l 
g .11033 m? 
. Change in volume j m/kg 


v- vV] 
0.11033 — 0.0993 
g = 0.01103 m?/kg 
Initial enthalpy of steam, 
mS Bg ay 
= 884.5 + 0.9 x 191 
À 0.3 = 2603.77 kJ/kg 
Enthalpy of steam after constant pressure heat additio ii 
n, 
hy = be + hy 
1 è 
= 884.5 + 1910.3 = 2794.8 kJ/kg 
Heat supplied = h, — h} 
= 2794.8 — 2603.77 
= 181.03 kJ/kg 
Work done, w = 100 p, (v> - Yı) 
= 100 x 18 (0.11033 — 0.0993) 
“i = 19.85 kJ/kg 
i ii) Constant volume heat extraction 
r 
om steam tables at 14 bar 
2 a à > 
g3= 0.14073 m3 
3 m*/kg, hy, = 830.1 kJ/kg, hy, = 1957.7 kJ/kg 


of steam iy 
(RG: pressure of 
-G-P.V, June 2013) 
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v9 frii tion 49 9 1s ld e 1 con. stani 
h 
Satir ated, find the ine Tease im re me, 


Ans. 


Ans. 


Ans. 


2 h, — 100 P22 
794.8 - 100 x l 


m after constant VO 
h, — 100 p33 
hi, + Xahip, 
= 830.1 + 0.78 
= 2210.5 kJ/kg 


enal energy of ste 


u,= 


and int 


iH) 


. Heat extracted b 
E = U5 - u3 


- 2596.2 - 2210.5 
= 385.7 kJ/kg - 


e 
y steam in constant volum! 


process. 


gxü 11033 = 2596.2 kJ/kg 


jume heat extraction, 


100 p32 Cr V = V3) 
4 x 1957.7 ~ 100 x 14 x 11033 


process 


Ans. 


inlet ports ‘ A’ 


RECIPROCATING 
MACHINES 


WORKING PRINCIPLE OF STEAM ENGINE 


Q.1. State the function of steam engine. State its applications 


Classification — Steam engines may be classified by the following ways -— 
(i) According to number of working strokes 
(a) Single acting steam engine (b) Double acting steam engine. 
(ii) According to the position of the cylinder 
(a) Horizontal steam engine (b) Vertical steam engine. 
(ii) According to the speed of the crankshaft 
(a) Slow speed steam engine (b) Medium speed steam engine 
(c) High speed steam engine. 
(iv) According to the type of exhaust 
(a) Condensing steam engine (b) Non-condensing steam engine. 
(v) According to the expansion of the steam in the engine cylinder 
(a) Simple steam engine (b) Compound steam engine. 


0.3. Explain working principle of a steam engine. (R.G.P-V., Feb. 2010) 
Or 


Explain the working of a double acting steam engine with the help of 


“ Neat diagram, (R.G.P.V., June 2012) 


Ans. In the piston cylinder arrangement of steam engine, there are two 


and ‘B’ as shown in fig. 5.1. The superheated steam at a high 


ineenin@ 
Mechanical En@ 
204 Basic Meche 
rau = 


~a about 
pressure abot 


i shy side © Since 
ar dead | the ng h R SI g 10 the nghi, 
s at innet § , piston tO ; y moves 
es the f 


nd il push i the i 


the pistol 
ani l 
the exhaust por 
t 


Flywheel \ 


Crank 
\ Shaft 


Congecting 
Rod 


ee-e eee = er rr eee ee 
cere - 
» 


Cross Head 


(4 ylimder 


| 


<1 Single Cylinder Double Acting Horizontal 
Fig. 5.1 gen cating Steam Engine 

a- seis open, when the piston reaches i eo of 
The steam port `5 a and exhaust port is now closed. ow, steam 
he cylinder. The steam port sh the right side port ‘B’ and it pushes the ma 
nters into the cylinder throug = time the exhaust steam goes out throug e 
the left side and at oaos the cycle of operation. The aan poai is 

~ oe of operation, and as such the engine works. 

repealed in ; 


£ ( 2 


] 2015) 
Give list of parts of double acting steam engine.(R.G.P.V., June 


Ans. Different parts of a steam engine are listed below — 


(i) Piston (ii) Connecting rod 
(ii) Crosshead (iv) Stuffing box 
(v) Flywheel (vi) Governor 


(vii) Eccentric 
(ix) Main bearing 
(xi) Cylinder (xii) Steam chest P 
(xiii) Inlet and exhaust ports (xiv) Eccentric rod and valve ? 


(viii) D-slide valve 
(x) Frame 


r 
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Q. tat is the function of 
connecting rod in } j 
teat engines ? 


(R.G.P y, 


Ans. Connecting FOU is mack cyt 
the crosshead by the gudgeon | 
Its function 18 tO Conve 
of the crank. 

0.6. Discuss 
engine. 


Ans. Working Principle — 


rt reciproc; 


Refer Q3 
Functions of Parts — A ste 
(i) Piston — Piston is a cast iron cylindrical < 
moves in the cylinder by the action of steam pressure 
crosshead through the piston rod. Casti ° 
tight in the cylinder and thereby prevent the leakage of steam past the piston. 
(ii) Connecting Rod — Refer Q5. 
(iii) Crosshead 
rod. Its function is to guid 
bending. 


aM engine consists of the following parts — 
lise moving to and fro. It 


Ít transmits force to the 


-= It is a link between the piston rod and 


connecting 
€ the motion of the Piston rod and to 


prevent it from 

(iv) Stuffing Box - itis fitted on the crank end 
The main function of the stuffing 
from the cylinder to atmosphere. 


side of the cylinder, 


box is to prevent the leakage of the steam 


(v) Flywheel- Flywheel is mounted on the crankshaft. Its function 
is to prevent the fluctuation of engine. It stores the energy when excess energy 
is transmitted to the crank and gives it back to the engine when the power 
developed by the engine at the crankshaft is minimum. 


(vi) Eccentric — It is fitted to the crankshaft. Its function is to 
provide reciprocating motion to the slide Valve. 
(vii) D-slide Valve — 


The function of a D-slide valve is to connect the 
cylinder to the steam chest and to 


exhaust steam from the cylinder at proper moment. 
(viii) Engine Governor — It is a device used for Keeping the speed of 
€, more or less, uniform at all loads. It controls either the quantity or 
Pressure of the steam supplied to the engine according to the load on the engine. 

(ix) Main Bearing — These are fitted on the engine frame. The 
of main bearings is to Support the engine crankshaft. 


(x) Frame — Frame is a heavy cast iron part, which supports all 


the Stationary as well as moving parts. It generally, rests on engine foundations. 
(xi) Cylinder — It is a cast iron cylindrical hollow vessel. Both ends 
of the cyli 


nder are closed and made steam tight. In small steam engines, the 
Cylinder ig made an integral part of the engine. 
i _(xti) Steam Chest - It is casted as an integral part of the cylinder. 
Supplies steam to the cylinder with the movement of D-slide valve. 


the engin 


function 


care the holes providey 
ngineering „haust orts a admitted fron 4} 
Inlet awn” ye steam TS 8° T i 
ii a S. The ste; 
Inlet axhaust vement ots < sugh the inlet por team 
iii the mO tinder aust port. 
(xiii) Fe” x = ofthe cylin ah the exhau | p 
pa aus „ecenin rod is made of forged 
- ke ‘ ` 
“an ats Work T nd valve R $ l and other to the vane rod. Its 
after doing S a ye eccentric Kshatt into to and fro motion 
“the cran miè and the D-slide valyg 
> ecc 


ae the € ais alve. 
pap 7 od connects th tjon to the D-slide valve 
function 15 © e valve ™ not 


; te the function of any five 
st ketch of steam engine. State (R.G.PV, Dec. 2010 
a neat SKE! > 


9) 
‘ne is shown 1M fig. 5. 


i Cover 
Steam Port Cylinder 


Steam Jacket 


eas iston Rings 
s ton £ 
Inlet Pipe Pis 
Cylinder 
Steam 
Chest 


Piston 
Exhaust Port 


Stuffing Box 
Stuffing Box 


Piston Rod 


Valve Rod Cross Head 


Connecting Rod 
Eccentric Rod =- Crank Pin 


Crank Web 


Eccentric 


Fig. 5.2 Steam Engine 6 
For function of five components of steam engine, refer Q.9- 


tthe ac AM 1s the representation of 
Steam inside th i 

diagram for one complete cycle of operations. © cylinder on a 

aw the indicator diagra i n g 

To dra linder. This gram an instrument known as indicator is fitted 

the engine cylinder. This moves according to the Te 

on ; sodas ar pressure-volume variation 
in the cylinder, and thus produces the indicator diagram. 

Diagram aia The oe factor Is the ratio of the area of actual 
indicator diagram to the area of theoretical indicator diagram. It is usually 
denoted by K. 

Mathematically, 

Area of actual indicator diagram 
Noun a ee 
Area of theoretical indicator diagram 
K- Actual work done per stroke 
or Theoretical work done per stroke 
K- Actual mean effective pressure x Swept volume 
or Theoretical m.e. p.x Swept volume 
K- Actual mean effective pressure 
or Theoretical mean effective pressure 


Since, area of actual indicator diagram is less than the area of theoretical 


indicator diagram, therefore the value of diagram factor is always less than 
unity. Its value lies between 0.65 and 0.9. 


Q.9. How is the mean effective pressure for reciprocating engine defined? 


(R.G.P.V., Dec. 2015) 

Ans. Mean effective pressure, Pm» is defined as a hypothetical pressure 
which is acting on the piston throughout the power stroke. It can be taken as 
the average height of the p-v diagram of the cycle or indicator diagram of any 
actual engine. 


Q.10. Define following terms - 
(i) Cut-off volume 
(iti) Compression ratio. 
oyli pa (i) Cut-off Volume — The point at which the supply of steam in the 
“ylınder į 


in th S stopped is known as the point of cut-off and the volume of steam 
© cylinder at that point is known as cut-off volume. 


(ti) Release and back pressure 


m (ii) Release and Back Pressure — The pressure at which exhaust 
a Opened and the steam in the cylinder is released into the exhaust pipe is 
N as release pressure. Due to opening of exhaust port, steam pressure 


as back Pressure 


me to Clearane 
| ‘oot total volt 
suddenly drops 7 
| iston. | 
- ion Ra 
resst 


qiii) ComP ü 


on the (R.G.P.V» Dec. 2016 ) 


and the piston, when the 

ar covet “Jearanice. The clearance 

is ca d ead and provides the 

e cylindet ae stroke and at the 

n of ie ace is called clearance 
ve of stroke volume. 


‘olume of th 
nae : percents 
as applied to a steam engine ~ 
ing terms lume (iil) Mean piston speed 
H ni throw (vi) Piston stroke 

ra 


(R.G.P.V., Dec. 2013) 

ic rini 

Ans. (i) Clearance - soon volume is the volume swept by <i 

. (ii) Swept Volume - two limiting positions (i.e., dead centres). It 
W 


ing i cule and denoted by v., 
‘aera pr displacement or swept volume $ 
is also known as pis 


Mathematically, = 7 m p? <i, 
where, D = Bore diameter of the cylinder 
-L = Length of stroke. | side 
= tance travelled by 
(iii) Mean or Average Piston ia e 
. it time is known as average piston speed. l 
— i a se = LN m/min, for single acting steam engine 
iii =2 LN m/min, for double acting steam engine. 
where, N = Engine speed in r.p.m. 
L = Length of stroke in metres. 
; ke, 
(iv) Dead Centres - The position of piston at the end of the ne i 
when piston rod, connecting rod and crank are in the same straight 
called dead centre. There are two dead centres — 


(a) Inner dead centre (LD.C.) (b) Outer dead centre (O.D.C-). 
In horizontal en 
LDC., whereas the outer most Position of the piston is called O.D.C. 


in 
(v) Crank Throw — The distance from the centre of the crank Pi 


to the centre of the crankshaft is known as the radius of the crank or ct 
throw. This distance is half of the Piston stroke. 


i ; B itinn $ as 
gine, the inner most position of the piston is known ® | 


oe ee ae 
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ugh which a 
direction of 
Cover end of the ¢ 


(vi) Piston Stroke — The distance thro 


rsals of its 
jistance travelled by the piston from the 
dise 


nd, is known as piston stroke, It js denoted by L. 
i (vii) Cylinder Bore — The Insic 
finder bgge? It is denoted by D. 
cy i 


ves between two successive reye working piston 
move: 


Motion, i.e. the 
ylinder to the crank 


le diamete alt : 
S aineter of the Cylinder is known as 


Draw the hypothetical indicator diagram of a steam engine. 


i . (R.G.P.V., Dec. 2014) 
Ans. The theoretical or hypothetical indicator 


(p-v) diagram of a steam 
ngine without clearance and with clearance are shown in fig. 5.3. 

e 

Point of 
Cut-off 


B 
Hyperbolic 


Point of 
Release 


Pressure ——— 
Pressure —— ' 


Point of Admission 


0 Volume ——— 0 


(a) Without Clearance 


Volume —> 


(b) With Clearance 
Fig. 5.3 


Various processes which occur in the steam e 

(i) Admission — 

cylinder through the inlet p 
of steam is cut- 


ngine are discussed below — 
At point A, the Steam starts to admitted into the 


-+ €t port, at constant pressure. The point B, where supply 
off, is known as point of cut-off. 


(ti) Expansion — In the cylinder, steam expands hyperbolically from 
point B to C, with the movement of the piston to 
During this Process, pr 


wards bottom dead centre. 
essure falls considerably. 


At point C, known as re 

m 1s released from the cylinder to 

“7, Pressure falls suddenly while volu 

h (iv) Exhaust ~The steam is exhausted 
è Process DE pL 


lease point, the exhaust port 
the exhaust pipe. During the 
me remains constant. 


at the constant pressure during 

- The steam Pressure at point D is called back pressure. 
Nsheg ; ti į acess E-A -At point E, the inlet port is opened and some steam 
in volume, T 7 cylinder, which increases the stez 


steam préssure without change 
inal position is restored, 


` “is process Continues till the orig 


a pking with the h 
ay Engines , al working ý elp 
ical EN 5 explain its act (R.G.PV June 2013) 


ct 
i pa hown in 
eng 
5 
esses ¥ hich occur il 
discussed below- & 
„y - The inlet 
ission 
p the stë a from the 
into the cylinder. 
m pressure 17 the Fig. 5.4 Actual Indicator Diagram 
: nder at the boiler pressure 


S s j 
i , to the bolter j 
se suddenly < admitted into the cylinder = =n , 
s the steams" than that in hypothetical indicator diagram 
Further, the pressure 


is less ype 
a, guse of the friction. 
s not remain constant, and drops gradually, 


in the boiler. 


am is sho 
the roundi 


wn by point B, as cut-off does 
ng-off of the diagram at B. 

— The actual expansion of steam does not follow 
med in hypothetical indicator diagram. This is 
due to the varying interchange of heat through the cylinder wall. 

(iv) Release - At C, exhaust valve opens and the steam in the 
cylinder is released into the exhaust pipe. However, opening of exhaust valve 
is not instantaneous, and the rounding-off of the diagram takes place at C. 

(v) Exhaust - The DE represents the exhausting of the steam. 


The actual exhaust pressure is more than that assumed in hypothetical 
me the frictional resistances. 


indicator djagram. This is required to overco 
, Explain the following related to steam engine — 
s (i) Hypothetical indicator diagram 
(ii) Actual indicator diagram. 


not take place instantaneously. there 1S 


(iii) Expansion 
a hyperbolic curve as assu 


(R.G.P.V., June 2016) 
Ans. Refer Q.13 and Q.14. 
0.16. Why does actual indicator di 
, iagram d 
diagram ? Explain them. $ ghk PV. June 2 
Ans, The deviation of the indi E fic 
actual indicator di in fig. 9-" 
that of theoretical are due to following reasons A paia Ap 


for, due AAE S between piston and cylinder head has to be provide! 
cal reasons. This reduces the stroke length of the jagr” 


from theoretical 


to , 
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than the steam. 
(iv) Cut-off of steam does not t 

in the rounding-off of the diagram at B ° 

. (v) The expansion curve is nott | 

BC. This is due to the varying i rleschange o 

(vi) The steam port ú 
opens to the e 
xh 

allow gorm to drop before the piston Te at C in order to 

vii) The openin Its return st 
sults in the ait g of the exhaust valve is not i a 

‘en ing of the diagram at the einen instantaneous. This 
(viii)The exhau os TCAs, 

team is being forced Sonate 4s above the conde 

ste g forced out of the cylinder overcomin nser pressure as the 

g resistance. 


Q.17. Explain thermal efficiency for steam engines in brief. 
rief. 


Ans. The thermal efficiency i 
, is d Eo op 
into useful work, to the heat ms plie ried as the ratio of the heat converted 


The heat supplied per k 

g of steam to the engine is øi 

between = enthalpy of steam at admission emus hi piramaan 

water at back pressure or engine exhaust (hg), i.e i i 
fb)» 1.€. 


Heat supplied = (h; — hg) kJ/kg 
If 
m, be the mass of steam used in kg/min, then total heat supplied 
; upplie 
_ ms (hy T he) 
| = kJ sec 
The useful work obtained m $ 
ieee ay be worked out eith indi 
om power. Accordingly, the thermal efficienc H p pete ie 
cy or brake thermal efficiency ee 
(i) Indicated , 
e a N oins coat — It is defined as the ratio of heat 
e energy in the steam suppli i 
pplied per minute. 


Indicated thermal efficiency =- I.P.x 60 

: hy —ha,) 

(ti) Brake . ms (h -h 

nt of brake Si mal Efficiency — It is defined as the ratio of heat 
r to the energy in the steam supplied per minute. 


ke lace į 
p ce instantaneously This result 
3 Cs S 


oe but follows the curve 
rough the cylinder wall. 


equivale 


Brake thermal efficiency’ = >= 
P 


ream engine 


efficiency 


. ! 
į) Mee! et otan ny Aine rel 
( ae 1 efficien techanical efficiency is the ratio of 
periency —? 
cal EMCE" 
Brake powe 
Nm = Indicated pov 
P.-E P. 
1. P. 
„ncy - Itis also kno 
ve Efficiency , 
Relat a A hennal efficie 
Thermal efficiency 


Rankine efficiency 
ned as the ratio of the work obtained at 


ergy supplied by fuel during the same time. 


prake powe" is ver (LP.) 


Mechanical efficiency: 


[.; BP. =LP.- RP) 


Nm 7 


or wn as efficiency ratio. Relative 

(ii) ih ncy to the Rankine effi ciency 

se iency is defined as Me 
efficiency 1S defin 

Relative efficiency = 


iti) Overall Efficiency ~" 
the cran’ ‘shaft in a given cae 
Overall efficiency: o =~ me xC.V. 


Mass of fuel burnt in kg/hr 
value of fuel in kI/kg of fuel. 
ns to determine hypothetical mean effective 


pressure of a steam engine in the following cases — 
(i) Without clearance (ii) With clearance. 
ut Clearance - The hypothetical mean effective pressure 


where. Mr 
CV. = Calonific 


Q.19. Derive expressio 


Ans. (i) Witho 
without clearance is calculated as follows — 
Let, p; = Admission pressure of steam or boiler pressure 


p, = Back pressure or condenser pressure 
v, = Volume of steam at point 2 (1.€., cut-off point) 
v; = Total volume of steam in the cylinder. 


Hypothetical work done per cycle 
= Area of diagram 123451 


= Area 12QP + area 23RQ — area 54RP 


= PiV2 +2.3piv9 io *2 -PbY3 
v2 


Hypothetical mean effective pressure, 
_ Work done per cycle 
Stroke volume _ 


Pm 
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Ii VS ) 
PIv2 7 Piva logy 3 
H Phy3 


Va 


V3 ' 
A 7 = Expansi : 
where, | v? xpansion ratio, 
. v2 
‘he ratio 
TI z 


Pressure —— 


Volume ——»> 


(a) Without Clearance 


; b) 
Fig. 5.5 Theoretical nine in Clearance 
m 


(ii) With Clearance — 
| clearance is shown in fig. 5.5 (b) 
Let, pı = Admission pressure of steam 
Pp = Back pressure 
Vv. = Volume of steam at point 2 (i.e., cut-off point) 


The ical j 
hypothetical Indicator diagram with 


V 
3 = Total volume of the steam in cylinder 
| Vo real 3 volume of the cylinder 
Vs = Swept volume o 
r stroke volu i i 
BN me or piston displace , 
S ment volume 
e volume to stroke volume 
V 


S 
C= Ratio of v 
olume between the poi 
€ points of admissi 
. Steam to the stroke volume E TS 
2- Y 


— — 


Hypothetical we: 
etical work done per cycle 
E e. of diagram 123451 
7 7 12QP + area 23RQ — area 45PR 
= y ie 
I\Vo Vo) + 2.3p1V> logig (v3 NV) — Pos 


3/2) Pb Vs 


ij )+2 apyy2 lost 
p(v2-* Vs 
Pm = 
v3 |_ l 
ya- te soa??? ona] Pb âi) 
n i tee 
or m , $ v2-Ve in equation (i), we get 
c c= 
Substituting be a i 
VetVs |_ 
bys +CYs tu) Pb 
pe 0 > M10810 | py. +cvs 
Pma PE Vs 


bvs t Vs -p (ov ah 
a b js y 
Pn = pyct23 p;(b+¢)logi0 m c = by,) 
or ar 
b+1 h 
or Pm= pyc+23P1 (b+c)logio bte 
1 . 
| i j — = cut-off ratio. 
where, b+1_ Y3 -r= Expansion ratio and : c 


b+c v2 


Volume of steam in the cylinder at the point of cut-off 


Since,cut-off ratio = Volume of steam in the cylinder at the end of stroke 


vy _ aa A 
mg b+1 


V3 Ve +Vs 


Numerical Problems 


Prob.1. Dry saturated steam at 10 bar is admitted into the cylinder oft 


double acting, single cylinder steam engine. The cylinder diameter 1s 275 pa 
and stroke 650 mm. Cut-off occurs at 50% of the stroke length and pressu 
is 1.5 bar. Assuming a diagram factor of 0.75, find 
the engine, if it runs at 380 r.p.m. 


Sol. Given, p, = 10 bar, D = 275 mm = 0.275 m, L = 650 mm 
cut-off = 50%, p, = 1.5 bar, K = 0.75, N = 380 r.p.m. 
Since cut-off occurs at 50%, therefore expansion ratio, 
l 
= — z= 2 
05 


(R.G.P.V, Dec. 201 
= 0.65 m, 


r 


the indicated power of 
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Pa= K| Pi 
l 
| ‘ ( +23 log jot) - 


| 
10 


- 075] 
z (1+23 log 2) - s5 


indicated power, = 5.22 bar 
Lp, = 2% 100p, LAN 
60 
2x 100 x 5.22 x h 
22x065% * 
. * 7 * (0275F x380 
= 255.3 kW 60 
j Ans. 
Prob.2. A double acting steam engine has a «; . 
799 mm by 900 mm and develops 450 kw ; NE cylinder of diameter 


; ° icated 
pressure at the point of cut-off is 12 bar, back Pressure is ed at 90 r.p.m. 
factor is 0.76, calculate the expansion ratio : and diagram 


' ° (R.G.P.V., Dec. 2016 
Sol. Given, D = 700 mm = 0.7 m, L = 900 mm = 0.9 m LP. Sue 


| N= 90 r.p.m., Py = 12 bar, p, = 1.3 bar, K = 0.76. 
For double acting steam engine, indicated power is given by 
2x1 
Ip- 00 p, LAN 
60 


2x100x x 2 
5h = Pa aU EDT) x 90 


a iii 


60 
450 = 103.91 Pa 
i Pa = 4.33 bar 
But Pa = Pm X k 
4.33 = Pm X 0.76 
_ 433 
m7 0.76 = 5.7 bar 


The mean effective pressure is given by 


Pm = Adsz log101)- Pp 
$.7 = ~=(14+230g91)-13 
| r . 10 3 
jor (5.7 +1.3)r 
| 12. =1+2.3 logor 
‘ Tr 
12 `l = 2.3 logor 


a 
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r 1% 


| 5 
or 


loge! 


he 1) 


S i i ~ get 
i we 
D ation. E 
i i bove equ 
On s01N ing a , i 
S -ato, T F 57 
pansion rate 


or 


° i; an en 
= m is admitted t0 ms 
Steam * pans ` 
mee The law of od 
pressure of at 60% of return | 
nces 
comme 


i A 


i the 
Sol. Indicator diagram for 


7 -, 


-m T 


b 
{0.2 vs H “s aan 


1 bar = 750.062 mm Hg 
Pp = 648 mm of Hg vacuum 


a ar iA ber 
750.062 


Expansion follows the law pv!:!> = c, thus, 


Back pressure, 


115 _ 115 
PiYi = poy 


1.15 
a ony ma ie os = 2,558 bal 
P2= py v 12v, 


Ang, 
ne for 30% of the stroke with a 
gine ii pls s6 Compression 
seinen the law pv! = c, p, 
ke and : volume and the back Pressure 
pom reads 760 mm of Hg. Estimate 
when ar engine with cylinder diameto, 
dou 


_ cylinder, double acting steam engi 


-= -E 

‘ : Reci ; ; 

Compression follows the law byl Clprocating Machines 217 
v 


thus, 
13 
Davy = 


| 7 | 
P4 
5 


oaod OAv, + 0.2y, \'3 


0.2v, 
= 0.6227 bar 
Mean effective pressure 


13 
P5V« 
13 
if P5= 
( 


II 


C Pa = py) 


_ Area of the indicator diagram 
Pm = Stroke volume 

_ Area 6lba + Area 12ch _ Area 43cd _ Area 54da 
y 


S 
= fo x 03v.) +[ 05s =2558 »1.2v,)| 
11S5—| Jf 


7 [conss x 06v.) + (xoa Ta 


0.1493 0.6v \]] 
13-] TNS 
Prob.4. The following data we 


Ans. 
re obtained during the trial of a single 


= 4.7632 bar 


ne — 
Speed = 104.5 r.p.m., cylinder diameter m, piston stroke = 300 mm, 
m.e.p. (each end) = 120 kPa, effective brake di meter = 1.2 m, dead load 
on the brake = 726 N, spring balance reading = 176 N, pressure of steam 
supplied = 700 kPa, steam used/hr = 57 kg, condensate temperature = 50°C. 
Steam supplied was dry and saturated. Calculate the mechanical efficiency 
and indicated and brake thermal efficiencies of 


the engine. 
(R.G.P.V., Jan./Feb. 2006) 
Sol. Given, N = 104.5 


r.p.m., D = 220 mm = 0.22 m, L = 300 mm = 0.3 m, 
"a= 120 kPa = 120 x 103 Pa, D, = 1.2 m, W = 726 N, S = 176 N, Pı = 700 
KPa = 700 x 103 Pa, m, = 57 kg/hr = 0.01583 kg/s, t, = 50°C. 

For a double acting steam engine, 


=220 m 


Indicated power, Ip = 2PmLAN 
60 | 
2x 120x 103 x 03x ri x (0.22)? x 104.5 
=«—____ 4" * 
60 


I 


4767 W = 4.767 kW 


x12 «1045 
neering (726 176) 1 * 
Basic Mechanical Ee ,_synDpN = - 
218 oo 
-BPA Dg kW 
Brake powe" 3011.3 0 


-75.75% Ans 
oaei Gt _ 9.7575 or 7 ia i 
Mechanica p BE 4761 ariy saturated steam, 
Nm” 1P. tables. enthalpy 
. a 7 bar) from steam 
a OOKPA CE 2762 KIKS 
a = 
_ sn condensate, 
Heat remaining ™ a = 4,187 x (ls ~ 0) = 209.3 KJ/kg 
2 50 - E 
= 4,187 x ( 
-d in steat, 
gy supplied a 
Heat energ) er — hy) -AGAT Kis 
= 0.0 
. f the engine, 
al efficiency O 
Now indicated therm inkJ/s 4.161 -0118 or 11.8% Ans. 
"Heat equivalent of LP. ME = 40.41 
n= = supplied in steam in kI/s 
i” Hea iency of the engine, 
and brake thermal effici 3611 


Heat equivalent of B.P. n kJ s 
Ne= Heat supplied in steam 1n kJ/s 


amn 


0.0894 or 8.94% Ang 


SEL AND DUAL CYCLES, p-v & T- 
a AND THEIR EFFICIENCY — 


CARNOT, OTTO, 


ath | 


Q.20. 


is Carnot cycle and its importance ? (R.G.P.V., June 2014) 
is 


ili ngineer | 
Ans. The Carnot cycle was introduced by a French military eng 


j ing through 
Nicolas Sadi Carnot. In this cycle, the working substance, a TE i a 
a sequence of events, is brought back to its initial state. berr 
air as its working substance enclosed in a cylinder, in whic 


; insulated. 
piston moves. The walls of the piston and cylinder are qa ye 
However, the bottom of the cylinder can be covered by an insu 


Although the Carnot cycle is an ideal cycle and not pe ae m 
practice, it helps the designer to arrive at maximum possible e 


k. e basis? 
can be obtained in any heat engine under given conditions. Also on th 
the Carnot cycle Clausius and Kely 


law 0 
in were able to define the second 
thermodynamics. 


vo 


| 
>” t 


j toy AW Process 1-2 — Th 


0. H. Draw the p- 


Ans. Ina Carnot Cycle, the w 


„tion consisting of two isothermal es a Stance 
oper eversible adiabatic or isentropic Py 
rations: The p-v diagram of Carnot cycle 
* pown in fig. 5.7. 5” 
is § The efficiency of a Carnot Cycle is given ź 
p ae T, A P4 
Tı P3 
T, = Temperature of the heat source 
where, l 


(or hot body) 


= Temperature of the heat sink 
(or cold body). 


T, 


.22. Write short note on ~ Carnot cycle, 
‘Ans. Refer Q.20 and Q.21. 


0.23. Explain carnot cycle and find 


ex, 
| arnot engine. 


Or 


| Explain Carnot cycle and find expression for 


| Ans. The Carnot cycle on p-v dia 
o T-s diagram is shown in fig. 5.8. 


Let us assume that the engine works 
between two sources of infinite 
One at a lower temp 


heat Capacity. 


gram is shown in fig. 5.7. 
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le and express its efficiency, 


(R.G.B. y, Dec, 2014) 
S subjected to a cyclic 


` “00 


guae 


SE behai 


(R.G.P.V., Dec. 2017) 


pression for ideal efficiency of 


(R.G.PV., June 2015) 


efficiency. 
(R.G.P.V., Dec. 2012) 


(Q.21) and 


tv 


T= 

erature and the other at a È = 

| higher temperature. E 
Assume that the, cylinder contains m kg Š 

of ar at its original condition represented by S (T3 =T4 

| Point 1 on the p-v and 


f -S diagrams. 
" “ag” Yie Ty = Pressure, volume and 
Perattire of air at State | respectively, 


ow, let us consider the four stages of 
 “AMOt’s cycle. 


ii e hot body (source) 

stant e Ontact with bottom of the cylinder. The 

wyi filly Tı. It may bernoted that th 
Sorbe by. the ait and is utilised in do 


Fig. 5.8 T-s Diagram 


at a higher temperature is 
air expands, practically at 


eat Supplied by the hot 
ing external work. 


isothermal expansion 


7 one by l 
year sul r” o (Y) Ce 
i V2 | — mRT 2e | 1) 
£ 
> k pi^ USec \ vi 
ol Qı- 
— >3mR] logs 
V953 


n wn ratio z 
c= Expanst* , bi 


where rce is removed from the 


- sou 
hot body oF ` : 
gs 2-3 - The he ~ is brought in contact. The air jg 


pe ander and me scaly The temperature of the air 
wed to expand reversibly a psorbed or rejected by the air, therefore 
during adiabatic expansion 
mR(T} -T3 


insulating cap from the bottom 


ca =R) 


zi _4— Now remove the 
Gii) Process 3-4 pam aa a 
- the cylinder and bring the cold body in its contact. The air is compressed 

of the cy g Se s< 

= tically at a constant temperature T; from V3 to V4. It means that temperature 

practical!) temperature Th. It would be seen that 


is 1 to the 

T, (at state point 4) 1s equal to” 

anne this process. the heat is rejected to cold body and is equal to the work 
i = h haD 

done on the air. Therefore. l E 

Work done on the air during isothermal compression 


Heat rejectoð, = 
——— i V3 
Q3.4 = P33 loge v4 
= mRT; one *? | = 2.3 mRT3 logo ' 
4 
V3 


where, r= Compression ratio= | 
4 


(iv) Process 4-1 — The insulating cap now brought in contact with 
the bottom of the cylinder, and the air is allowed to be compressed reversibly | 
and adiabatically. The temperature of air increases from T, to Ty. Since ™ 


heat is absorbed or rejected by the air, therefore, 


Increase in internal energy = Work done on the air 


_ Pivi~ Pave _ mRT, —mRT, mR(T, — Ty) 
foe y-=l 7 j=l 
Work done = Heat supplied — Heat rejected 
‘ = 2.3 mRTlog)g r — 2.3 mRT3log)0 ! 


= 2.3 mR log jo r (Tı =- T3) 


ffi it ney of the C 
amot c Recipr , 
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He 


done 


vCal supplied 
hid MRlog ig r(T 
J 


n 


= q 
pA e 3) ro 
3 mRT, logy i . I~ 
If we take F) (for point oy T, = | 
efficiency: s 1 and 2) and T, (Fe | 
2 (Tor po; 
Tj ST Points 3 and 4) th 
n= 2 en the 


T, 


"i is impossible to make an engine work 
at the isotherinal e eS WOKE on C 
pat the fsothermal expansion 1-2 will have te pa et sie “ta 
= J af 


ensure that theair is always at temperat © Carried out c, reason is 
compression 3-4 will have to ba +. Sica, i aael slow to 
ere a le = arly t ae 
adiabatic expansion 2-3 and reversibl 2 extremely sie thermal 

vy j 2 i ca iab ic J UW. Shit reversi T. 
carried out as quick] as , ; atic c . =versible 
gudden changes in te esi in order ol a ssi ~-1 should be 
iş impossible to com Ss hing an engine are not a al adiabatic conditions 
5 piete y eliminate frictio possible IN actual practice . 
of the engine, and also heat los: nate Iriction between the vanie practice. It 
pvious that if is 1 : Osses due to conducti ——* Various moving parts 
obvious that it is impossible to realise Camor’ uction, radiation ete. It is th 
y, e ` s eng] “tC. hs thus 

24. Which i ; . engine in actual practic 
Q l hich is the more effective w actual prac 
Carnot engine -- ay fo increase t 


> effici : 
To increase . [ficiency of a 
T; keeping T constant 


Or 
To decrease T, keeping T, constant 


where T; i 
1 tS source temperature and T, is sink te 
mperature. 


Ans. : i 
ns. The Carnot engine efficiency is given by E Re ZA 


N= L= T 
T AB 


where, [T,= 
i 1 Source temperature, T, = Sink temperature 
efficiency of C ine. | 
arnot i 

aÈ i engine, thus can be increased by decreasing the 

m > Which can i i T T 

T, be done either by increasing T, or by decreasing 

2: 


Decreasin 
is, generally k rn atmospheric temperature requires special method 
tied by atmos a e temperature of low temperature reservoir or sink a 
temperature a a nel or cooling water temperature, and temperature T} the 
a n p Mengin This results in increase in Carnot — 
waa anion Salines tor a fixed lower temperature for heat 
h r or pera at which heat is supplied must be made as 
chieve the maximum efficiency. 


cording - i 
"ection, the 
'&h as possi 


efficiency of Otto 


r 
ean expression fo 2008, June 2011) 


G.P. V. Jan./Feb 


of Otto cycle and show 
ef in March/April 2019) 
i0. Xe 


ume cycle, as the heat 


ideal Otto cycle Consists of 


n ee 
iabatic OF isentropic Processes ag 
pe n ersible adiabé 1b) respectively. 
received an volume and (WO ~. fig. 5.9 (a) an 
. € ; S1 a 
pwo constan’ T-s diagram 
: n-\ and = 7 


+ 


Pressure 


Tem perature 


$e aaacccs 


Entropy 


(b) T-s Diagram 
am 
Fig. 5.9 Otto Cycle i 
Sae int 
- ir in cylinder at pom i ivel 
Let, m= Mass of air! rature of the air respectively at 
p).¥). Tı = Pressure, volume and tempe 
E p -< a reversible adiabatic or isentropic expansion 
, -2 -ltisa T 
(i) Process 1-2 - It 18 ‘bly and adiabatically from initial temperature 
ocess. The air is expanded reversibly bed or rejected by the air. 
: tempe rature T>. In this process, no heat is absorbed or rej 
toa 2: A; ii 
(ii) Process 2-3 - It is a constant volume cooling process. = Ded 
cooled at constant volume from temperature T, -to a temperature $3. 
rejected by the air during this process | 
Q23 Š mce,(T> = T3) , i 
(iii) Process 3-4- It is a reversible adiabatic or isentropic pi T, 
ssion. The air is compressed reversibly and adiabatically from pasimi ei 
to a temperature T4. In this process, no heat is absorbed or rejecte á a 
ss, The al 
(iv) Process 4-1 - It is a constant volume heating process. on 1, 
now heated at constant volume from temperature T4 to a tempere 
Heat absorbed by the air during this process, 
(Q41 = me, (T) = T4) r 
Work done = Heat absorbed — Heat rejected 
= me (T, = T4) - mc, (T; e T4) 


Ideal efficie 


NCY of aj, . Reci j 
7 OF air Standard efficie — iiic ii 
Ney, 


n = Work done 
Heat absorhed 
me, (T, Ty) me (T 
v >t) 
mT -Ty ` 
T 
T,| e. 
=1- 2- aa T 
T-T, M a esa) 
| | Ty | = =] 
For reversit le adiabatic expansion 1-2 k 
1 [a] (1)? 
T =>] 
l V | i 
> r) .- (UL) 
= Expansi io= *2 
where, r= Expansion ratio = ‘2 
| “i 
Similarly, for reversible adiabatic o 


r isentropic com 


ba Gi p npes, 
w Wj = i) iii) 
where, r= Compression ratio = “3 = 22 
‘ “4 ? 
From equations (ii) and (iii), we get 
Ty z Tr Z 9 l I T 
u u ey W R T 
Substituting the value of T /T, in equation (i), me 
jai ie? 7-1 }.. 13 _T | 
T m (ryt! i L = T ...(IV) 


. We see from equation (iv) that the 
compression ratio (r) only. 


compression ratio. In actual 
Tor so, 


efficiency of Otto cycle depends on 
The efficiency increases with the increase in 
practıce, r cannot be increased beyond a value of 
Compression ratio, 


_ Total cylinder volume 
Clearance volume 
~ Clearance volume + Stroke volume 


_ er, 


Clearance volume 
Ea Stroke volume 
= = VUM 


Ve 
Cle 


arance volume, 


r-i o 


Co are 4 
S bl adial yal ite | LAS 
Si t 18 SS 


ng 

ni 

hips or 2 yl v y Vi ps Vy 

=) relations ups , pı - | or = & 

p-’ T T - y | y and p> VI v p) Pi 
T p2 


n expression for efficiency o 


derive a (R.G.P.V., June 2008) 


d 
R ] cycle an 
- plain piese! ©. 
Q.26. Exp 


two reversible adiabatic or isentropic, 
piesel cycle. 


ume processes. These processes arg 
=, 5 [0 (a) and (b) respectively, 


vcle consists ol 
d a constant vo 


j assure < ; ç in fig. 
a constant Press! and T-s diagram oo 


< sin cylinder f 
«< of air in CY ir respectively at poj 
aa volume and temperature of air respectivey at point 1, 
py Yr D7 pem -< a constant pressure Heanne Process. Thy 
is 


(i) Process ]-2 - from initial temperature T, to temperature 
essu 

a t constant pr 

air is heated a 


T2 sjeat supplied to the alr 
j ie 


me, (T2 — Ti) 


: it is known as 
.. cut-off at point 2, therefore 1 cut- 
, , of heat is cut-off a 
Since the supply © 


off point. process 2-3 "THE air is expanded reversibly and adiabatically 
(jy hee 


In this process, no heat is absorbed 
toa temperature T3. 
from temperature T> 


or rejected by the air. 


Pressure 


Tem perature 


Entropy 
Volume 


(a) p-v Diagram 


(b) T-s Diagram 
Fig. 5.10 Diesel Cycle 


se ~~ | from 
(iii) Process 3-4 - The air is cooled at constant volume 
temperature T; to a temperature T4. 


Heat rejected by the air, . 
Q3.4= me(T; - T4) 


from temperature 'T 
or rejected by the gir 


(iv) Process 4-J r 


Reciproc ; 
ating Machine 
Aik ee Mpress 2 om 


ed revere: , 
1- In this mlb and adiabatically 


Work done =} leita 7 SS NO heat is absorbed 
sorbed — Hent 
Air standard efficienc j Me, (T, Tj- a ao 
VT; ~T,) 
y= Work done me, (T, T 
Heat absorbed = -mc (T-T j 
me (T =T 
TUN (Bo 
a l Y T -T jJ : 
Let compression ratio, r= ‘4 ona 9 
v nd cut-off Tatio p= V2 
Expansion ratio, r; = TS 4 _ V4 ma “I 
Vo yv, SZ X—=rx2.I 
For constant pressure heating tea ie P p (asri 
y _ vo o 
T T 
. a T,= qx“ =T, x ss 
For reversible adiabatic expansion process 2 3 yo? P....(ii) 
s 2-3, 
i ina vy 
a = 2) _{ 1 ; py! 
on Tt yy n =|) Gii) 
eversible adiabatic compression process 4-1 
i _|%4 m y-1 
T v, =(r) 
or : a! =T, (pyY-1 
Ow trom equations (ji) (iii i i 
: iii) and (iv), ie pet ssa d¥) 
Th = Ty @-1 x 5 > 
and _ £ yA 
B= Ty” 'xof) =Tip! 
Substitutj f 
ng the v . 
alues of Ti, T anu T; in equation (i), we get 
n=1-! (Typ’)-T, l _ 
UENO eea 
Me a(t)" P-E) W [ve-D 
` -ompare Otto a | : 
s nd Diesel cycles. (R.G.P.V., June 2016) 


Or 


ierentiat 
e between an Otto cycle and a Diesel cycle. (R.G.PV., Dec. 2010) 


ineel! ny 


cal En9' Diesel cycl 
Mechanical ( otto and Diesel cycle, 
asic Mec eon 
> ine fundamen 
gaplan >- 


ycle and a Diesel cycle are 


Mto € 
seen an ( 
ve hetweel 
ferences bE 
‘J The basic ditte 
ye bas 
Ans. 


given below ~ 


In Diesel cycle heat addition takes 
place at constant pressure while 
heat rejection takes place at 
‘constant volume. B 
Lower air standard efficiency, 
Efficiency depends upon compre. 
ssion ratio and cut-off ratio both, 


sth heat addition 
a M 


„yele | ! 
In Otto cys ene 
| and rejection t 
nt volume. 


(1) 


| constan 


| A ma A 
(il ) | t ` T 


A p n 


— . ty 

compress! d Efficiency depends upon load anq 

| Eff ~jency does not depen increases as the load is decreased, 
| (iv) | & ’ 
| upon load. 


i ir standard efficie 
es itaffect the air s ney 
?-How do (R.G.PV., Dec. 2015) 
ure, during which | 
`c added at constant press » during Which | 
Ans. In Diesel ae a that air expands adiabatically. The 
volume of air aaa stopped is called as point of cut-off and the | 
point at which noe cut-off to the volume at clearance 1s known as cut-off 
ratio of volume © 
ratio, mathematically, 


0.28. What is cut-off ratio 
of an Otto cycle ? 


Volume at cut-off l | 
Cut-off ratio, P= Volume at clearance 
The air standard efficiency of Otto cycle depends only on the compression — 
e air s 
ratio. thus cut-off does not affect it. 


0.29. Explain the effect of cut-off ratio over the efficiency of a Diesel cycle, 
Ans. The efficiency of the Diesel cycle increases ie eee are | 
off ratio and approaches maximum or equal to Otto cycle efficiency wh | 


vine i 
term = of the equation of air standard efficiency of Diesel engin 
Y=) 
unity. l 
jagram ali 
0.30. Explain dual cycle with the help of p-v and T-s diag ' 
derive expression for its air standard efficiency. ` 


| :; bination 
Ans. Dual cycle is sometimes called semi-diesel cycle. It is a ve ail atc 
of Otto and Diesel cycles. The Dual cycle consists of two reversible 


cle 0n 
two constant volume and a constant pressare processes. The Do T 
P-V and T-s diagrams ston in fig. 5,VI (a) and (b) respective'y: 


nah iN = Mass of the air in enp; Recip rocating Machines 227 
a fie ana. 
Pis Vi» 11 = Pressure, Volume a oy linder ink 
at point |. © 


(i) Process 1. _ 


The air 
IS heat 
eee T, to Ty. ed at constant Pressure f 
Heat absorbed by the air Q i 
, a a E 
| 2 

a ie 

PS} 5 
a p m... 

3 ves 4 
My 
| el iia 


1 
1 
i] 
iy 
1 
b 
i] 
i 
i 
1 
1 
1 


i hee Ys 


"2 


y—_ 


(a) p-v Diagram 


b - . 
Fig. 5.11 Dual Ga ) T-s Diagram 
(ii) Process 2-3 ~ The air 
from temperature T, to a temperatu 
or rejected by the air. 


is expanded reversibly 
re T}. In thi 


and adiabatically 
this process, n 


O heat is absorbed 
(tii) Process 3-4 — The 


air 1s cooled at constant y 
temperature T3 to T4. olume from 


Heat rejected by the air, Q34 


i =m Cy T; = Ty) 
. (iv) Process 4-5 — The air is compressed reversibly and adiabatically 
a en T; to Ts. In this Process no heat is absorbed or rejected by 
e air. Š 
(v) Process 5-1 = The air is finally heated 
t 
"N DoT y heated at constant volume from 
Heat absorbed by the air 
Qs. = me, (T, -T ) 
17 1s 
Work done = 


Heat absorbed — Heat rejected 
= [mc, (T, = T) + mc, (T; = Ts)] 
efficiency of the dual cycle 
n= Work done 
Heat absorbed ~ 
cy (T; 7 Ty) 
D-T) te (T-T! 
pia = hte (TTA 


ind air standard — me, (T3 - Ty) 


Ime, (h —T,)+ me, (T - T5)]- me, (T; - T4) 

mc, (Ty -M+ mh -T;) 

— aes 
¥(T, -T,) + (T, -Ts) 


. 
= le 


canal) 


q 


neering 
iœ Mechani | Enginee” va = Va aNd Ve = 
228 Basic iii maD (ee V374 SSY) 


, fey. V ) 
Let compression rao Oso a fl. 
Ps 
te geo" -s > py Charle’s law 
and eut-of ratio, p V] \ S ass 1-2, by 


T , V2 = Tip (ii) 
a | i i nsion process 2- 
, jabatic Or isentropic expa ; p 23, 
iJarly. in reversible adia i ' ns À R 
b 1 — Be 
Si T; V2 = 2 x | = ( | 


Vv r 
V3 Vi 3 


T, y-1 p y-1 
P = = we (i 
ie z?) vA ) (iii) 
-Je adiabatic compression Process 4-5, 
For reversible adia pi 
5- B = (97! 
Ty V5 
Ts= Tyr) GV) 
For constant volume heating process 5-1, 
Bs .. Hl (by Gay-Lussac law) 
Ts TI 
= Pi ot =T (mla .(V) 
Therefore, T,= Ts X > 50 = l4 
5 
Substituting the value of T, in equations (ii) and (iii), we get 
T)= Ty(n) ap 
y-l1 
and T= nop) = Tap" 
r 
Substituting the values of T,,T,, T} and T; in equation (i), we get 
q= |- = Top’ -T4 eee -= 
NLE op- LAAT a- T] 
z |= T, (ap! =i Oo 
TO IYop-0)+(0-1)] 
=1-— ("-D 


l s sian opi z 
OM hue-D+a-D) 7 | a-pe 


A With the help o 


Reciprocati 
‘ w n Ma . 
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‘ s dia 
i eat input rams, show that for the sme 
Otto > N 
Dual > Diese! (R 
For the same com ression > Or -G.PY, Dec. 2015) 


decreasing air standard efficiency of = e 
io. D 


Ans. The Otto, Diesel and 


Du (R.G.PV, 7, 
fig. 5-12 (a) and (b) respective] al cycles are shown on June 2014) 


y for the ; PV and T-s di 
Same Compression ratio = as 7 
supplied 


> 


v— > 


aanosouoso92 
a þe---- 


b y 
(a) p-v Diagram 


Te He 
Fig. 5.12 Comparison of Otto, Diesel (b) T-s Diagram 


Th ‘ and Dual Cycle 

and re ey mee b y bs area 1-2-3-4, the Dual wae as 1-2-2-3 A 

temperat yC © aS 1-2-3"-4". Al the three cycles start ; Ses 

‘emperature, pressure and v ume at point 1. Th = the same initial 
- the air į 


me lines 
“ Pressure line, constructi 

eat supplied show ‘ a apie, > i ction of 
entropy. With isentrop; s point 3” will lie at the point of greatest 


=j- 21 
We see th QA Constant 

SENN PE a Otto cycle rejects least amount of heat shown by the area 
iciencieg ¢ e Otto cycle has maxim 


um efficiency. The ord 
Or the three cycles is given as —_ 


(Min ) Oito > (Nth ) Dual > (Nin) Diesel 


Va 


ower and rejects hea 


e vers P in Determine the cycle 
aa rvoir supplying heat to the engine. 
rmal rese (R.G.P.V., June 2012) 


oy = 24 kJ/min 
W -06 KW. Qk = K 
Sol. pert Oe a KW, Ty = 300 ™ 


_ 24/60 = 0.4 KVS = own 1M 


Svs 1S sh 
h iven heat engine Sy stem 
The give £ £ 
gr i at su plied 
i i i bsorbed by heat engine or heat sup 
eal abst i“ 
by source rese rvolr. 


; ee 
Thus. thermal efficiency of the engin 


Woe 96 96 0r 60% Ans. 


ear a Fig. 5.13 
Qa . . . 
Thermal efficiency of the engine is also given as, 

Ty 

= |-— 
n T, 

0.6= 1 ae 

mie | 

300 s 

T= Oa =750K — Ans. 


Prob.6. A Carnot cycle has lowest temperature and pressure as 20°C 
and 1 bar. Pressure after isothermal compression is 4 bar and after isentropic 


compression is 12 bar and after isothermal heat addition process is 3 bar. 
Calculate - 


(i) Heat added in the cycle per kg (ii) Cycle efficiency. 


Sol. Given, p3 = 1 bar, p4 = 4 bar, Pi =12 bar, p> = 3 bar, T3 = T, 
=20 + 273 = 293 K. 


Applying characteristic gas equation at point 3, we have 
_ RT} _ 0287x293 

| P3 1x10? 
For isothermal heat rejection process 3-4, we have 


= 0.84091 m3/kg 


v, = B3 ~ 1x10" x 084091 
P4 4x10? 


= 0.2102 m?/kg 


0.21091 4 \' 


= 


1 
zr] 
L 
wn 
oe 
= 
z 
z 
> 
~~ 
a 


ee eee 
emapensas4-=5 


v —— 

(a) p-v Diagram | 
Fig. 5.14 Carnot Cycle lie iii 

Stroke volume, v = v, — V1 = 0.84091 — 0.0959 — 0.745 m3/k 
i =0. m°/kg 


y-1 
Again T,= n[**) = 299{ 22102 is 
= 010959 | = 401.045 K 
From isothermal heat addition Process 1-2, we have 


= Py 12 
v2 = Vy) — |=0.0959 <| — 
(2) ( =) = 0.3836 m/kg 


Heat added in the cycle per kg 


qa = pil 2) 
v1 


= 12x102 x00959 m| ©3836) aaa 
lo 9950 | = 159535 kig 


Cycle efficiency s J= j: 3a i 293 


T, 401.045 0.2694 or 26.94% 


Ans. 


Ans. 


Pr l 
the iain an engine working on ideal Otto cycle, the temperature at 
Compression , and at the end of compression are 27°C and 327°C. Find the 


ratio and air standard efficiency of the engine. 


t Sol, Given, t, = 
3= 600k. ` 


(R.G.P.V., June 2011) 
27°C or T, = 27 + 273 = 300 K, ty = 327°C or T, = 327 


Prob.9. The minimum pre Reciprocating Machines 233 
SSur 


neering d 27°C. ; e 
cal Engineer”? 100 kPa an - The and te , 
ca ae process 3-4. |  petermine the press uren ana a heat added pie eina Otto cycle are 
c comp a M | gito cycle. Also calcu late the eniperaures at all i cycle is 1500 kJ/kg. 
\ | = (r) | cycle for compression ratio of g. ecific work and the of the air standard 
H (e. For air, Y= 1.4) | sol Giver aei oi, fee efficiency of the 
oi | ES ORE = tn es | :G.EV, June 2014) 
= (rt = | bar, t, = 279 
i 34 Ans | + 273 = 300 K Qua 7 ar, '3 = 27°C of T; = 27 
— Coe , 5 687 s 2 4-] = 1500 kJ/kg r= 3 Z V3 3 
i 510.4 = 5.05 „T= = — 
PEEV gine. (i) Pressu Y4 vp 
ciency of Otto ENE . ‘ssure and temper, 
j air standard et iene) For isentropic compression red om Points 
qs a i y-1 5 
i 4 1205 or 50% Ans, L, = +) i (ye 
= ae a "3 E 
he efficiency of the following ideal cycles when 30 yj 
Prob.8. Calculate the th a yvalue of 1.4- : T4 = z) : , 
a = dee between a hot reservoir at 600 K and 300 C~ For air y = 1.4) 
(i zei 
; ; = 0.43 
a cold r an, SA with a compression ratto of 9. a Ty 5 
E A Diesel cycle with a compression ratio of 12 and a cut-off . Thee 300, SEDER 
i 0435 °° 
ratio of 2. (R.G.P.V., June 2016) and Bal > Ans. 
3%3 = Pav 
Sol. (i) Sterling Cycle ik 
Given. T, = 600 K, T, = 300 K. o. or P4 _ | V3 Y 
Air standard efficiency of Sterling cycle is given as p3 > a = (DY 
n food - 1-20 -05 or 50% Ans. P4 
reS T 600 _ i= (8)1-4 = 18.38 
ii) Otto Cyc e Pa=1x 183 
= -38 = 18.38 b 
Given, r = 9. Heat added durin : van A 
i , co ns. 
Air standard efficiency of Otto cycle is given as, v pi volume process 4-1, 
l 1 1500 = mc, (T; = T4) 
Jad ar ai (9)! = 1 x 0.713 (T, - 689.6) 
Or w ; 
= 1 — 0.4152 = 0.5848 or 58.48% Ans. Tı — 689.6 = 2103.8 C~ For air cy =0.713 kJ/kg K) 
iii) Di 
Ty aoa Also for constant k = 2793.4 K Ans 
i e ; olume process 4- À 
Air standard efficiency of Diesel cycle is given as P4 T, i 
i l- r =! Awel ae PI pT 
EN - 1) (12)'4-!| 142-0. 1S38 Oe 
m pi Eee 


= 1 - 0.4333 = 0.5667 or 56.67% 


Ans, 
Ans, 
|-2 
Also for process 
pov} = pry) 
p2 -| } 
or Pl 
Pr "f = 0.0544 
744 
p4= 14. 4 x 0.0544 = 4. 05 bar Ans, 
(ii) Specific work = 
Heat rejected per cycle during > e 
= Cy ( 
= 1 O71 0.713 x (1215.1 - 300) = 652.5 kJ/kg 
a = Heat supplied — Heat rejected 
= 1500 - 652.5 = 847.5 kJ/kg Ans. 
(iii) Thermal efficiency 
Efficiency of Otto cycle is given as, 
1 
= |- ——— 
I 
> Ans. 
=i " 0.5647 or 56.47 % 


1.4- 
(8) 

. a ji i dl 

Prob.10. An engine working on Otto cycle is supplied with air at 
MPa and 35°C. The compression ratio is 8. Heat supplied is 2100 kd i 
Calculate the maximum pressure and temperature of the cycle, a 
efficiency and mean effective pressure, (R.G.P.V, June : 5 
Sol. Given, p, = 0.1 MPa = 1 x 105 N/m?, t, = 35°C or TJS 273 +9 = 


308 K, r=- 2242. = 
- 8,Q, = 2100 kJ/kg. 


b o 


For isentropic compressi 
SSC 


308 
T, = 0.435 
T,= 308 | 
* 0435 ~ 708K 
and P3v} = pv] 
P4 y V 
xB _ 
or D3 (2) = (8)'4 = 18.38 


P4 = 0.1 x 106 x 18.38 
= 1.838 x 106 N/mm = 


= 18.38 b 
Heat added during constant volume process 4-] i 
Q4., = me, (T, - T,) 
2100= 1 x 0.713 (T, - 708) 
or T, - 708 = 2945.3 
i T, = 3653.3 K 
We know for constant volume process 4-1, 
Pa _ 
Pl T 
18.38 708 
pa E Ti = 0.1938 
P, = 94.84 bar 
(ti) Cycle efficiency 
Cycle efficiency of Otto cycle is given as, 
l 
n =at- 
GE 
= 1-~—! _ =0.5647 or 56.47% 
Bi 


Ans. 


Ans. 


or 


: r kg of air. 
Heat rejected Pe az (TT) 


#7135592 - 208) = 9153 8 
From ideal gas equation, 

ae a 8396 

1 x 287 x 308 = 8 


1x 10 x V3= (-: For air, R = 287 J/kg K) 
v4 = 0.884 m° 
v3 _ 0884 _ 93105 m? 
and Vary 8 


——_ i a. 0.1105 = 0.7735 m° 
Work done = Heat supplied - Heat rejected 
= 2100 - 913.5 = 1186.5 kJ 
Work done 
Stroke volume 
11865 


= 0.7735 
= 1533.9 kN/m? or 15.34 bar 


i wing 
Prob.11. A gas engine working on Otto cycle operates with the follo 
parameters - 


Mean effective pressure = 
Ans. 


: tio 4:1 
Inlet condition 1 bar pressure 320 K temperature compression ra 
and pressure ratio 4 : 1. 


— 1,4, Make 
If the working fluid is air with R = 287 J/kgK and Y= 1.4 


, an effective 
calculation for useful work done, thermal efficiency and me 
pressure. 


5) 


(R.G.P.V., Dec. 201 
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D * en, P3 = | bar 

=1x 195 
Pi _ P2 10 Nim2, T, - 


3 
= = 4, 
Pa Pa R= 287 ike Ky 


320K, r= Š Mis. =4, 
Y4 vy P 


— 
= 


=14, 
For isentropic compression pr 


OCess 3-4, 

T, Y-i 

4 [v3 

T j V4 =à)! 


2 ag 
320 = (94-1 = 174 


i Ty= 320x 174- 
For constant volume roces Ti = 556.8 K 
I p 
m- Py ~p 
T 
5568 ~ 4 


or 


556.8 x 4 = 2227.2 
For isentropic expansion process 1-2 E 


B (a_y 

qT 7 V2 -5 
T F 1 1.4-1] 
22272 = {4}  =05743 


T, = 22272 x 0.5743 = 1279.1 K 
(i) Useful work done 


Heat supplied during constant volume process 4-1, 


Q4-1 = me,(T; - T,) 


R c 
= m— (T -T. + &, =E, es 
ar he »| C=C, Rand- y 


v 


287 
1x — x (2227.2 -556.8 
14-1 ( 


1198512 J/kg ~ 1198.5 kJ/kg 
Heat rejected during process 2-3, 


Qo-3 = me,(T - T3) 


Ix kad (1279.1 - 320) 
14-1 


688154.25 J/kg ~ 688.15 kJ/kg 


238 Basic Mechanical Enginec’’'~ 
Heat rejected 


Useful work done red 
sT g8.15 = 510.35 kJ/kg Ans. 
(ii) Thermal effc my bs 
ow, of Otto © le is gIve 
Efficiency © | i 
n= [= ae (ay 
== 0.5743 = 0.4257 or 42.57% Ate, 
(iii) Mean effective pressure 
From ideal gas equation. 
p3¥3~ 3 
1 x 10° ee = 1x 287 X 320 = 91840 
v, = 0.9184 m` 
am Y3 = 0 9184 = 0.2296 m? 
and v= 7 4 
ç stroke volume = ¥3 ~ V4 
o = 0.9184 - 0.2296 = 0.6888 mê 
Mean effective pressure 
Work done 510.35 
= Stroke volume ~ 0.6888 
Ans, 


— 740.93 kN/m? or 7.4 bar 
Prob.12. Find the power output of a Diesel engine working on a diesel 
cycle with compression ratio of 16 and air flow rate of 0.25 kg/s, the initial 
condition of air at I bar absolute and 27°C temperature, heat added per 
cycle 2500 kJ/kg. (R.G.P.V., June 2014) 
Sol. Given, r = 16, m = 0.25 kg/s, P4 =27°C or Ty =21+ 231 

= 300 K, Q}. = 2500 kJ/kg. 
The p-v and T-s diagrams for the Diesel cyc 


and (b) respectively. 


= 1 bar, t4 


le are shown in fig. 5.15 (a) 


Py = P2 E $ T2 
4 P3 wna 3 2 T3 
£ i ' 
A P4 pe Wats eine 4 5/1 
è o T 
TnS gu 
v v2 Y3 = v4 
Volume —— Entropy — 


(a) p-v Diagram (b) T-s Diagram 


Fig. 5.15 


or 


or 


or 


and 


| Or 


For is 
Sentropic 
Pic COMpresgi Reciprocati 
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Pav! = s 
4'4 ~ Py} 


P, = pa( | 
vy 


Also for Process aa" - 


y 
i3 = E Jo 
Ty 


I, = 30 
l 1 (0) x 3. = 
From ideal gas equation iici 


P4Y4= mRT, 
_ MRT} 
P4 


_ 1x287x300 
1x10% i (-. For air, R = 287 J/kg K) 


= 0.861 m? 
na v4 _ 0.861 A 
i= = —— = 0.0538 m° 
Heat supplied k it dur 
per kg of air during constant pressure process 1-2 
Qi-2 = mCp (T, - T)) | 
2500 = 1 x 1 x (T, — 909)(-.. For air, C, = 1 kJ/kg K) 


T, — 909 = 2500 


V4 


T, = 3409 K 
or constant pressure process l-2, 
pA TE Oi 
0.0538 _ 909 
V2 3409 


ineering 
5 nical Enginee" , 3 
240 Basic Mecha 4409 00538- 02018m 
v5 = 909 P 
i For isentropic expansion a 1 fv } | Ce Ve = Ya) 
or 1S 7 
= 2 p i 
T \ l 
14- 
a400 | O86! ) = 1.7866 
T: (02018 
3409 _ 1908.1 K 

Ts rocess 3-4, 

kg of Se the constant volume proc 
i (g 
Heat rejected per Xe f ae- 
s47 "a q3 x 1908.1 -300 
paon („For air, Cy = 0.713 KJ/kg K) 
= 1146.58 kJ/kg 
— developed p = 0.25 (Heat supplied — Heat rejected) 
= 0.25 (2500 - 1146.58) = 338.355 kJ/s 
and actual power output, 
P'= Mpiese! X P 


jis Heat supplied 
5 1-458) 338355 
2500 


= 183.2 KJ/s or 183.2 kW 


Prob.13. For an air standard dual cycle, the following data are available - 


Air intake at 1 bar and 323 K 
Maximum pressure is 70 bar 
Heat addition at constant pressure = Heat 


Determine - 
(i) Pressure and temperatures at all the points of the cycle 


(ii) Cycle efficiency (iii) m.e.p. 

Sol. Given, p4 = 1 bar, T4 = 323 K, py = pz = 70 bar. - 
(i) Pressure and temperatures at all points 

Let compression ratio, 


í Hea ieee p 


Ans. 


addition at constant volume. 


Vv 
re —=16 
V5 


or 


va let. To = Reciprocati i 
Also let, Ts = Temperature at the en E E es 


7 ig ia n d i n 
For isentropic compression proces of isentropic compression 
SS . 


4-5, 
Ts & Y-1 

Ts 

323 = (16)!-4 | l 
Ts = 323 x (16)4 = 979.1 K * For air y= 1.4) 
Ans. 


Again for process 4-5, 


P5 _ | Y4 r 
P4 V5 


Fs _ 
I ~” (16)!4 = 48.5 
a Ps = 48.5 bar 
For constant volume heating process 5-1 iii 
LE 
Ts P5 
i 
979.1 485 


70 
Ty = ggs %9791 = 1413.1 K 


485 Ans. 
Now according to given condition, | 
Heat addition at constant pressure = Heat addition at constant volume i 

Q1-2= Q5.1 
mC, (T, — T,) = mç (T, - Ts) 
For air c, = 1.005 kJ/kg K and c, = 0.718 kJ/kg K, therefore 
1.005 (T, — 1413.1) = 0.718 (1413.1 — 979.1) 
0.718 
T, - 1413.1 = 1005 x 434 = 310 
T,= 310+ 1413.1 = 1723.1 K Ans. 


For constant pressure heating process 1-2, 

V2 R I3 

es he 1 

Vi Tı 1413.1 

Y rja I pegs aÍ ( 


Now 


se V. = = 
Vg Ma NY ag 3 = V4 and vy = Vs) 


li 
— 
lo. 
x 
— 
B|- 
N 
II 
— 
w 
— 


ap elll1Y 
mechanical Engine 


sic l ess 
= ic expansion rt 
For isentroP | ¥3 
n (7 
oii 31)! 4 = 2.8 
17231 _ (43. oe 
Bo 1731 _ g1s4K 
T3” 28 
s 34, 
. e e process i 
For constan! vt g“ T; 
ar 
p S154 
~ 323 Aik 
p; = 19 bar 
(ii) Cycle coe 5, iy 
Cycle efficiency of du D-T 
n= I~ -T) + -T) 
6154-323 
= 1- 7707231-14131) + (14131- 979.1) 
2924 = 0,663 or 66.3% Rive 
= 544 434 


(iii) m.é.p. 
Net work done, 
Woe: = 1) X Heat added 
= 1) x [cy (T - Ts) + & (T2 - Ty] 


= 0,663 x [0.718 (1413.1 - 979.1) + 1.005 (1723.1 - eee 


= 0,663 x 623.162 = 413.16 KJ/kg 
= a. 0287x323 [For air, R= 0.287 kJ/kg K | 
ae a p4 =1 bar = 1x 10° kN/m 


P4 1x102 
= 0.927 m?/kg 


me 1 V4 6 


V4 

16 = 
15 1 

= Fih V4 = i X0.927 = 0.869 m/kg 

Now me.p. of cycle, 


V4-—V5 = V4- 


Waet _ 41316 Ans. 


Pn = AS 2 ~ 4,75 bar 
m V4—Vs 0.869 475.4 kN/m 4 


Ans. In internal combustion (LC.) engines fuel and air i 


jon takes place with; th 
combustion P in the engine, the oducts À 
fluid. These products of combustion are arcae at : i e — Working 
e. 


biles, scooters ‘bo 
for automobiles, TS, power boats, ships, slow s 
and power units of relatively smal] Output. The thermal ettin oy emotives 
js much higher than that of steam engines. A best modern I.C. ihe can ETEN 
about 30-35% of heat of Combustion of fue] into useful Work. Very high 


0.33. Give the differences between internal combustion engines and 
steam engines. 
Ans. The differences between internal combustion engines and steam 
engines are given as follows — 


Internal Combustion Engine 
The combustion of fue] takes 
place inside the engine cylinder. 
The I.C. engines have efficiency 
about 35-40%, 

It can be started instantaneou- 
sly. 

Since combustion of fue] takes 
place inside the engine cylinder, 
these engines are very noisy. 


Steam Engine 


The combustion of fuel takes pla- 
ce outside the engine cylinder. 
The steam engines have efficiency 
about 15-20%, 

It cannot be started instantaneou- 
sly. 

Since combustion of fuel takes 
place outside the engine cylinder, 
therefore these engines are smooth 
and silent running. 

Because of low pressure and tem- 
perature, ordinary alloys are used 
for the manufacture of engine cy- 
linder and its parts. 

A steam engine requires a boiler 
and other components to transfer 
energy. Thus it is cumbersome. 
The working pressure and tempe- 


Because of very high pressure 
and temperature, special alloys 
are used for the manufacture of 
engine cylinder and its parts. 
An I.C. engine does not require 
a boiler or other components. 
Thus it is light and compact. 
The working pressure and tem- 
Perature inside the cylinder is 
very high. 


c. engines 


i A S 
’ followine way 


mly liquid Or gaseous 


on OO 
ssified it aa weet 
é > engines “al be classified as — 
pe of Fuel Wea j used they Can ™ ai 
the tyPe of fue Diesel engines 


ing Y ines ] engines. 
depending | engines Dual-fue 
aia a) oe engines © the number of Strokes 
-) Gas € 


be classified as — 


S ş can ` 
sycle, LC. Two-stroke engines. 


(iii) Cycle of Ope 


one : 
i engines. 
Lapari en i eoi addition partly takes place 
pressure. 
nding upon the method of ignition 
the fuel-air mixture, L.C. e be classified as — 
or Spark ignition (SI) engines hat 
(b) Compression ignition (C.I) engines. 
(v) Type of Cooling System Used - AS high eae a are 
generated in LC. engine cylinders, thus it is necessary to arti be em. 
ding upon the cooling system used, I.C. engines can be c assi jed as - 
nn (a) Aircooled engines (b) Water cooled engines. 


(vi) Number of Cylinders - . . l 
(a) Single cylinder engines (b) Twin cylinder engines 
(c) Multi cylinder engines etc. 


0.35. Explain with figure why steam engines hav 
engines do not have. 

Ans. In steam engine (as shown in fig. 5.2), the reciprocating P 
converted into the rotary motion of crank by means of the connecting 10 . 
The connecting rod is connected to the piston rod by means of an intermediate 
link, which is known as crosshead. The function of the crosshead is to guide 
the motion of the piston rod and to prevent it from bending. 

While, in IC. engine (as shown in fig. 5.16) the connecting 
converts reciprocating motion of piston into rotary motion of crank, 


connected to the piston by means of a gudgeon pin. Thus, there is nO 
a crosshead in I.C, engines, 


used to ignite 


e a crosshead but I.C. 
(R.G.P.V., Dec. 2005) 
piston is 


rod which 
is directly 
need 0 


eize the liner . Some other adverse effects of this heati 
(i) The high temperature reduces 1 i 
piston rings and may also damag 
(ii) The high temperatu 
ail flowing between the cylinder 
"of the piston. 
(iii) Temperatures above 250°C 
; arou p 
| of valve guides due to lubrication aan may cause scuffing 
jemperature may cause the burning of valves and tera kng increase in 
| (iv) With the increase in the temperature of the yini the tend 
of the detonation increases. , the tendency 


(v) In SI engines pre-ignition of the charg 
engine parts are initially at high temperature. 


Thus, an efficient cooling System is essential in an I.C, engine to prevent 
damage of the engine parts due to overheating and to maintain the performance 


of the engine within certain limits. 


of the piston and 
e. o 
position of the lubricating 


wall i i 
and piston. This results in the scuffing 


e is also possible if the 


a Write down the principal parts of an I.C. engine with their 
functions. (R.G.P.V., Dec. 2008) 


Ans. The principal parts of an I.C. engine are discussed below — 


| (i) Cylinder — Cylinder is the most important part of an I.C. engine. 
h this the piston moves to and fro in order to develop power. The cylinder of 
mengine has to withstand a high pressure and temperature. Thus the materials 
| lor cylinder should be such that it can retain adequate strength at such a high 
ag and temperature. For low pressure or ordinary engines, the cylinder 
he of cast iron. For high pressure or heavy duty engines, it is made of 
Fe oys or aluminium alloys. For multi-cylinder engines, the cylinders are 
Sun one block. The block is called cylinder block. 
si (ii) Cylinder Head - The cylinder head is fitted on one end of the 
in er. It acts as a cover to close the cylinder bore. The cylinder head consists 
et and exhaust valves for admitting fresh charge and exhausting the burnt 
: The cylinder head contains a spark plug for igniting the fuel-air mixture. 
ba wee of diesel éngines, the cylinder head contains nozzle (i.e., fuel 
lor injecting the fuel into the cylinder. 
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Za 
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~ 
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L 
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Nn 
— 
~ 
= 
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~ 
< 
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2n 
el 
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art of a 
n . 
ympression stroke a The pistons are 
ing rod. 
oe e connect ae 
A . C . n . 
py the buring br which are light 1 r 
inium allo} sireular rings and made of special 
5 — These ae in their elastic properties at high 
pes oves provided on the 


a . 
O 
sed in the circumferential gr 


of rings mounted on 
ive seal to pre 


lower rings is to pro i function of the upper 


vent leakage of the oil into the 
rings is to provide air tight 


gater jackets surrounding the cy 
e j . è 
cast integral with the cylinde 


| pe common exhaust system and sends 


the piston. The function of the | p0% 


0.38. Draw the neat sketch of a four-stroke 
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(x) Water Jacket — The coolin 

g wa 
linder 
r, 


ipi j 
Piping which connects the exhaust ports to 


es exhaust Products to the muffler is 
mm i Piping which connects the inlet 
on air intake for the engine is called 


petrol engine and lable 


ion. ious parts. 

engine cylinder. f the burnt gases into the lower portion a Fig. 5.16 sh 

seal ro prevent 108138 Its main function is to transmit force from e eae ae four-stroke petrol engine with name of various 
(v) Connecting Rod — er end of the connecting rod is fitted to | parts on It. Spark Plug 


all Re 
rankshaft. p The special steel alloys or aluminium 


ture of connecting rods. It is subjected to 
ve stresses as well as bending stresses. 


the piston to the cré 
the piston and the bigger end to 
alloys are used for the manufac 

natively tensile and compress! 
ame . Crankshaft- A cran kshaft is considered as the backbone of an 
I.C ns function is to convert the reciprocating motion of the 
into the niay motion with the help of connecting A3 This i 7 

j i anks. The part of the : 

one or more eccentric portions known as Ct 
which bigger end of the connecting rod is fitted, is known as crankpin. It : 
noted that too many main bearings create difficulty of correct alignment. 
special care is required for the design and manufacture of crankshaft. Specia 
steel alloys are used for the manufacture of crankshaft. 


(vii) Crank Case — It is a cast iron case, which holds the cylinc : 
crankshaft of an LC. engine and also serves as a sump for the lubricating oll. 


sss ; ; ion 
(viii) Flywheel — It is mounted on the crankshaft. Its main ae 

is to maintain the constant speed. It stores energy during the power stroke a 
release during the other strokes. 


(ix) Cylinder Liner - Generally a cylinder is equipped with cy 


liner, so that, if wear and tear takes place, only the liner is damaged. T 
easily replaceable as compared to the cylinder. 


der and 


x | 
Jinder | 
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Fig. 5.16 Four-stroke Petrol Engine 
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nanical gngineerin9 


ing princip 


ine with 
petrol engine WIth neag 
of EEP R GPM. Feb. 2010) 


te down wort 


Or engine: 

ofa four-stroht Pe Do8, 2010, 2011, June 2012) 

i mga? a ry, Dec. 
jain the WOME ORGP. 

Explain ( rol engine with the help of neq 
Pking of 4-stroke o G pV. June 2009, Sept. 2009) 

. dawn the YO™ S > aiii 

Write dow” 


Or (R.G.P.V., June 2010) 


sketches. - 
' nto engine 
sorking of ¢ ( 


troke petrol engine. (R.G.P. V., June 2016) 
r-s 


the cycle of operation is completed 


Otto engine, f the crankshaft. Each stroke 


jons O 
c the piston OF two revolution 


j 4 tation an 
consists of 180° of crankshaft ee sae 
crankshaft rotation. The series 


engine is as follows — 
- ü) Suction stroke 


(ii) Expansion or power $ oo 
s 5 wn Stroke - Suction stroke begins when the piston is at 
(i) paap haai anis to move downwards. At this time, the inlet 
top dend cap r PR e valve is closed. As the piston moves downwards, 
_ : ad ced in the cylinder and fresh charge of fuel-air mixture enters 


(ii) Compression stroke 
roke (iv) Exhaust stroke. 


the cylinder through the inl 


(ii) Compression Stroke — In compression stroke, both the inlet 


and exhaust valves are closed. The fresh charge is compressed due to the _ 


upward motion of the piston. As a result of compression, the temperature and 


pressure of the fresh charge increases considerably. This completes one 


revolution of the crankshaft. This stroke is shown in fig. 5.17 (b). 
(iii) Expansion or Power Stroke - Shortly before the piston reaches 


top dead centre during compression stroke, the fresh compressed charge 18 | 


ignited with the help of a spark plug. It suddenly increases the temperature 


and pressure of the products of combustion but the volume remains constant g 
Due to the increase in pressure, the piston is pushed down. The hot products . 


of combustion expand because of high speed of the piston. During t 
expansion, some of the heat energy produced is converted into mechanic 


work. The expansion stroke is shown in fig. 5.17 (c). It is observed that 
during this power stroke, both 


top dead centre to bottom dead centre, 


et valve. This stroke is shown in fig. 5.17 (a). = 
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(a) 


(b) (c) 
Fig. 5.17 Working of Four-stroke Perro 
(iv) Exhaust Stroke — This s 
stroke, the exhaust valve js open j 


l Engine 


completes the cycle and the engine cylinder is ready to suck the charge again 


Q.40. Explain with the help of p- 


petrol engine. v diagram the working of four-stroke 


a (R.G.P.V., June 2015) 


. om 
the valves are closed and piston moves P 


With the help of theoretical p- 


“petrol engine. v diagram explain working of four-stroke 


(R.G.P.V., Dec. 2012) 
Ans. The theoretical or ideal p-v 


tlagram of a four-stroke petrol 
“gine is shown in fig. 5.18. In this 


tlagram, line 1-2 represents the 
uction stroke. 


The line 1-2 lies below the 


d . 
mospheric pressure line. This 
‘Messure difference, makes the fuel- 


Atmospheric 
Pressure 


àr mi ; f 

Pepi to flow into the efgine | (CS 
er. The i 

taista The inlet valve offers some Ve v, v 

th ce to the incoming fresh he Pat 


rge, That is why, the charge ; i 
Bi enter suddenly into the engine Fig. 5.18 Theoretical (or Ideal). p-v 


er. As a result of this, pressure Diagram of Four-stroke Petrol Engine 


neering atmospheric pressure during 
ci 


(iit) Compresa; Heciprocati . 

i a pression a ; Ng Machines 
pow) py the line 2-3. Al the end of of the crank. nd expansion also take Place th H 
ae " pressure inside the engine cylinder through 180° rotation 


` , ok i (iv) Compress; 
crease iN he the charge is ignited with the pression 
roke 


and expansion a 


' ' 1 AEE aoe (yv) ° : re isentroni 
Me e compression st „mperature and pressure of the ) The combustion takes place į tropic. 
and O creases te ains Gonsi at the end of compression ¢ place instantaneous] 
p’ i practically. remains Constant ag , SSION stroke, usly at constant volume 
e volum“ ents expansion stroke. Now the | (vi) Pressure suddenly fall i 
g represents ©" ee ee alls te 
1 cae valve. Line 5-1 represents the of expansio stroke. ) the atmospheric pressure at the end 
ox fd < ` 


Write down . 
working principl 
e of 2- ; 
mofa four-stroke petrol engine sketches. ple of 2-stroke petrol engine with neat 


7 jagra ; 
| indicator diag" deal it dicator diagram. Or (R.G.P.V., Feb. 2010) 


phe" Explain th 
s o? e worki 
nofa four-stroke petrol engine 1s shown ing of a two-stroke petrol engine. 


Ans. In a two-stroke cycle petrol (RGPV, Dec. 2010, June 2011) 
ansion and rol engine, the suction, . 
Fes hete is udia ~ place during two strokes of Sipe ee 
| g stroke after every revoluti . It means 

t è 
the four stages of a two-stroke petrol engine are aiae har Diaea All 
g. 3.40. 


reasons — 


(i) The suction of mix- 
ture in the cylinder is possible only 


a , Spark Plug 
if the pressure inside the cylinder iS 3 Tree ; Spark Plug Spark Plug Spark Plug 
below atmospheric pressure. ce 
Gi) The burnt gases can D a a y a p-> ao Exhaust 
be pushed out in to the atmosphere aka ie : i 
only if the pressure of the exhaust Volume Port Port 
gases is above atmospheric pressure. ely 


(ii) The compression and expansion do not follow the isentropic ii 


law. as there will be heat exchange during these processes. 


(a) Suction 


(iv) Sudden pressure rise is not possible after the ignition as (b) Compression 
combustion takes some time for completion and actual pressure rise is less 


. . = | 
than theoretical considered. The pressure increase takes place through some | 
crank rotation, or increase in volume. 


(c) Expansion (d) Exhaust 
Fig. 5.20 


(i) Suction — Thi . 
) Suction — This process is shown in fig. 5.20 (a). In this, the 


| piston whi l W w V u d 


(v) Sudden pressure release after the opening of expansion valve is “atsfer port. The fresh fu 


i i el-air mi : 
not possible and it also takes place through some crank rotation. — lhe crank case. r mixture flows into the engine cylinder from 
4 ` j | s °. ee 
ie 2. Give assumptions made for working of theoretical cycle in SI. tet Gl) Compression- ttis te P 
; | “transfer po > , while moving up, first clo 
Ans. The following as ; s] ‘Sed as the ne d then exhaust port. After that the fuel-air ae is ane 
engine - g assumptions were made for theoretical cycle Ste inlet port ae cr as shown in fig. 5.20 (b). In this process 
s and fresh fuel-air mi À i 
() Suet xture enters into the crank ca 
7 Suction and exhaust occur at atmospheric pressure. se. 


iy; _ Ù Expansion — Shortl i 
(i) Sucti Wrin ortly before the pisto 
’ Suction and exhaust take place through 180° rotation of cram an eee T centre 


m : 
bark nlp eee stroke, the fuel-air mixture is ignited with the help of 
N - it suddenly increases the pressure and temperature of the ake 


Due to rise in 
ne constant. 
ins €€ 


y me! burnt gases expand due to 
yM 
the yolume eh 


During this expansion, 
bustion Bul h Pards. v 
u i e 
of com 

ISl 


ton is MO 
ressure ` 


haust port Is sieht the 
— inc cylinder are 
7 from the engine Tw in fig 
ses is is S$ i 
burnt 8 osphere. This 1 a 
into the at™ inger is ready to suck the 


e g t d 


al indicator diagram of a two-stroke 


: actu 
9.44. Draw and explain the trol engine is shown in 
ine. l two-stroke Pe 
perm ene dicator diagram fora 
a nance diag 
Ans. Actual indic 
fig. 5.21. 


Pressure 


TDC BDC Volume 
Fig. 5.2] Actual Indicator Diagram 


; i sfer port opens 
Line 1-2-3 represents suction, Le.. from DATA ea 
and transfer port closes. During suction stage, the coment 
ases increases. This happens as the piston moves d 
and burnt gases ae half of the suction process, the volume of charge an 
a eiria This happens as the piston moves upwards pja g 
2 to point 3. A little beyond point 3 the exhaust port closes at point rae 
fuel-air mixture inside the engine cylinder is compressed which 1S pei 
the line 4-5. At the end of the compression, there is an increase i the e aii 
inside the engine cylinder. Shortly before the end of compression the pakn 
mixture is ignited with the help of spark plug. The sparking suddenly inc me 
pressure and temperature of the products of combustion. But the ipai ne 
practically, remains constant as shown by the line 5-6. The expansion 1s sno 


are 
by the line 6-7. Now the exhaust port opens at point 7, and the burnt gases 
exhausted through the exhaust port. It reduces 


moving towards bottom dead 


iston Í$ 
the pressure. As the piston 
from point 7 to point 1, the 


seg increases 
centre, therefore volume of burnt gases inc x 
. 1 S. 
transfer port uncovers and the suction beg 


woe C any four ad 
¿trol engine. 


Ans. Four-stroke 
aroke petrol engines 
(i) Higher volumetric 

(i) Higher thermal an 


d 
(iii) Requires 


Atv) Less wear and tear. 


6. Differentiate between two-stroke and four-stroke I.C 


Differentiate between two-stroke and four- 


Ans. Comparison of Four- 


Four-stroke Engine 


The four-stroke engine consists 
of valves and valve mechanism. 
Volumetric efficiency more due 
to greater time of induction, 

Due to heavy weight and comp- 


lication of valve mechanism, ini- 
tial cost is high. 


The cycle is completed in four 
strokes of the piston or in two 
revolutions of the crank aft. 


V) | The turning movement is not-- 
uniform and hence heavier 
flywheel is needed. 

Vi) | For the same power the engine 
is heavy and bulky. 

(vii) 


Because of one power stroke in 
two revolutions lesser cooling 
and lubrication requirements. 
esser rate of wear and tear. 
Higher thermal efficiency and 


Part load efficiency better than 
two-stroke engine. 


© aug Machines 253 
vantages of 4-stroke p 


P.V., “ 
Petrol engines have following = — 


efficiency. 


Part load efficiency. 
less cooling and lubrication. 


-Stroke 


advantages Over two- 


engine, 


(R.G.P.V., Dec. 2011, 2014) 


Stroke engine. 


(R.G.P.V., June 2010) 


stroke and Two-stroke Engines — 


Two-stroke E ngine 


Two-stroke engines have no valves | 
but only ports. 


Lower volumetric efficiency beca- 
use of lesser time for induction. 
Due to light weight, simplicity and 
absence of valve mechanism, initial 
cost is less. 


The cycle is completed in two str- | 
okes of the piston or in one revo- 
lution of the crankshaft. 


More uniform tuming movement 


and hence lighter flywheel is 
needed. 


For the same power the engine is 
light and compact. 

Because of one power stroke in 
one revolution greater cooling and 
lubrication requirement. Greater 
rate of wear and tear. 

Lower thermal efficiency and part 


load efficiency lesser than four- 
stroke engine. 


put two-stroke engines 
(R G.P.V., Dec. 2005) 


arge and exhaust of burnt 
valve respectively, The 
4 hy means Of camshaft. The 
oe haust valves through the 
E The camshaft is driven 

rocker ede crankshaft. The cam is 
| on to the valve through the 


transmitted to valve by meahs of 
1 ` 


ch 


N 


follower. 4 
push rod and r ü 

While. in tW 
for exhaus 


i se inlet. €X 
osing Of thes ae 
ane motion of piston. Th 


for inlet of charge and 
es there are ports. The opening and 
ses 


reciprocating 
camshaft. — 
0.48. Give specific applicatio 


= ine. oe ea ; used in light 
stroke diese! none petrol engines being light ın weight are g 
Ans. Two-stro = 


ayers. However, 
, motor cycles, three wheelers and spray Perlas 
vehicles like a onomy they much use for automo 
due to their low fue! ec 
a-days. the petrol engines, because 
. : h heavier than the p i 
-stroke diesel engines are muc : efficiency. 
f ae rem ratio, however they have a higher pane aed 
: aa diese] engines are mainly used for heavy canspeste 
our- ge" 
power generation, and industrial and marine applications. 


' ; ol engines 
0.49. What will happen, if we supply diesel in of petrol engi 
; f . i ally. 
and petrol in case of diesel engines ? Explain logic RGP V., June 2005) 
; : : ce to 
Ans. The quality of good petrol is measured in terms of its ee a 
spontaneous ignition by octane number. While, in the case of diesel, Ta 7 
ignition is the criteria of good quality, denoted by cetane number. UC 
cetane therefore are inverse measurements of the same property. 


ue of 
Good petrol engine fuels, having high octane value, have cetane xa 


; , itability 
about 10-20, and thus are difficult to autoi gnite, indicating their poor suita 


: ; + will not 
as a diesel engine fuel. Thus, if we supply petrol in diesel engine, 1t w 


of two-stroke petrol engine and four- 
ns 


are not in 


start. 


On the Other hand. a good d 
pecause OF Its low octane Number Py 
ignite and cause hoary kroeckinr-rr ií 


Differentiate hetween the spa 


Or 
Differentiate between 5.1. and C.I. engines 


Or 


Differentiate between petrol and diesel engines. 


Ans. Comparison between S.I. and C.I. eng 


Fuel Petrol. High self ignition 


temperature desirable. 
Based on Otto cycle. 
Requires an ignition 
system with spark plug 
in the combustion 


chamber, 

ae air introduced 
as a gaseous mixture in 
the suction stroke. 
Carburettor necessary 
to provide the mixture. 
Throttle controls the- 
quantity of mixture 
introduced. 


Basic cycle 


Ignition 
aa en 


Introduction 
of fuel 


Higher maximum revolu- 
tion per minute due to 
higher weight. 

6 to 10.5. Upper limit of 
C.R. is limited by anti- 
knock quality of fuel. 


Compression 
ratio range 


lesel engine fuel is ah 


Ie toffs low octane v 


rk and compression ignition engines. 


gines is given as follows — 


| Based on Diesel cycle. 


O O S EO 


ad petrol engine fuel, 
alue diesel will pre- 


™ 


Supplied in petrol engine. 


(R.G.P.V., Dec. 2017) 


(R.G.P.V., June 2010, Dec. 2012) 


(R.G.P V., June 2012) 


Diesel oil. Low self ignition 
temperature desirable. | 


Self ignition due to high | 
temperature, casued by 
high compression of air. | 
when fuel is injected. | 
Fuel is injected directly 
into combustion chamber 
at high pressure and at 
the end of compression 
stroke. Carburettor is | 
eliminated but a high | 
pressure fuel pump gnd 
injector necessary. 
Quantity of fuel regulated 
in pump. 

Maximum r.p.m. lower. 


| 


l+ to 22. Upper limit of 
C.R. is limited by the 
rapidly increasing weight 
of the engine structure a 
the compression ratio is 
further increased. 


ne 


~ 


ineening 
Basic Mechanica! Engin 
256 g 


| qn) | Operatite 


pressu! c 


y) bat to 50 bat 
5 15 bal 
7 bar t 


Ţ 


y 
sion l 
| 1) Compr a 60 bar to 120 bat 
\« 
pressure 


) bat 
num 45 bar te Ol 
Maxıl 
| (b) 


3.5 kg/k 
aw) | High (3.3 to | e/kW) 
spessure rS to 4.5 kg/kW) p “| : \ , 

| init | Low (0 because of higher Pressures, 
cay | Weight per! 

(vil) | Wer 


Low 


| powe! 


High 
Low 


p High, because of heavy 
| (ix) | Operaune s 
| (x) Initial cost 


weight and sturdy 


construction. 

Quality governing. The 
quantity of fuel is regulated 
by the pump, while air 
quantity is not controlleq, 
Higher maximum efficiency 
due to higher compression 
ratio. 


Quantity governing. 


~ | Load control . 
(X1) | Load C Throttle controls the 


quantity of mixture 


supplied. | . 
Maximum efficiency 1s 
low due to low comp- 


ression ratio. - 


| (xii) | Efficiency 


; ith petrol engine with reference to 
x diesel engine wit ; 2 
Q.51. a iency, power-to-weight ratio, cost and load control, 


(R.G.P.V., Dec. 2015) 
Give explanaton. 
Ans. Q.50. ee ae 
. i our-stroke diesel engine with p-v diagram, 
‘Explain the working of f (R.G.PV., Dec. 2016) 
Or 


With the help of p-v diagram, explain the working of a four-stroke 


l engi (R.G.P.V., June 2013) 
diesel engine. 
A ketch 
7 } s, 
i j -stroke diesel engine with the help of neat sketche 
Explain working of 4-stro eo ie I 
Or 


= 14 
Explain the working of 4-stroke Diesel engine. (R.G.P.V., Dec. 2014) 


‘ Eo w ioni nition i 
Ans. Four-stroke cycle diesel engine is also known as compression 16 


in the engine 
engine, since the ignition takes place due to the heat generated in 
cylinder at the end of compression stroke. 


Schematic diagram r 
W afe 


Nir trok | 
‘sel a 
Val a ‘Dring 
Cylinder Head | 
Fuel Nozzle n 


Exhaust Valve 


LLL 


LLL 


Piston 
Cylinder 


ANAS A 
9 
a= 


J) 
MMM 


Dies 
Ston Pin a r 

nd Bearin 
gies Searing 
M Follaws- 


Whe 


m Shar 
im 


AAAS 
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Main Bearing 
Flywheel 


Bed Plate 
Crank Webs 


Crankshaft 


Fig. 5.22 F our-stroke Diesel Engine 
All the four processes of a four-stroke diesel engine are described below — 
(i) Suction or Charging Stroke — This is shown in fig. 5.23 (a). In 
his stroke, the inlet valve Opens and fresh air is sucked into the cylinder as the 
iston moves downward from the top dead centre. It continues till the piston 
aches its bottom dead centre. 


f (ii) Compression Stroke — This stroke is shown in fig. 5. 
Ms stro i 


ke, both the valves are closed and air is compresse 
oves upward from bottom dead centre 


‘ult of compression, pressure 
™pletes one revolution of the 


23 (b). In 
d as the piston 
and reaches to top dead centre. As a 


and temperature of the air increases. This 
crankshaft. 


(iii) Expansion or Working Stroke — Expansion stroke is shown in 
x 5.23 (c). In this stroke, both the valves 
t form of y 


are closed. Fuel oil is injected in 
hes the 


ery fine spray into the engine cylinder just before the piston 
T.D.C. Fuel is ignited due to the high temperature of the air. Due 


— Le 


this stroke. 


TDL: products 


asic Mechan'e 


] P T ‘at force . 
a} Engineen"? jown with a great force and 
€ S t 


` iston Move 
pansion., pam ii from 


oke is shown in lig, ad 
Exhaust ~ yiston moves from B.D.c i 
„js open as "o cylinder are pushed out h 
1 the So iospens This completes the 


0 


rh the exhi 
the piston through t Fuel 
ve pls Fue 
wale Fuel Injector 
yer Fuel Injecto" Exhaust Air ‘Chang, 
i Injector Fyhaust Air Valve oe = Valve 
l ie haust Air Valve Va galz 4 
ye aus Jia WAANZE — 
Air A | a Valy A z Gr — Z Z Z 
t JIN FAS a 
sae 14 oe Z Z Z 
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j= p g g y Z 
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(a) Suction 


The p-v diagram of the four- 


refer that. 


Q.53. Compare the 


(d) Exhaust 


(b) Compression (c) Expansion 


Fig. 5.23 F our-stroke Diesel Engine 
8. stroke engine is shown in fig. 5.24, Q55, 


f diesel engines. 
working of petrol and di (R.G.P.V., June 2013) 


Ans. Refer Q.39 and Q.52. 


0.54. In what respects four-stroke diesel cyc 
storke cycle spark engines ? 
Ans. Comparison between four-stroke petrol engi 
engine is given as follows — 
Four-stroke Petrol Engine 


The starting is easy due to low] The start 
compression ratio. | k 
These are high speed engines. These are rel 


S.No. 


le engine differs from four- 
(R.G.P.V., June 2004) 


ne and four-stroke diesel 


Four-stroke Diesel Engine , 
‘ficult 
ng is somewhat difficu 
‘on ratio. 
due to high compression 1® < 


es. 
vely low speedenth 


rOxir ’ app- | 
It'd nately from Ate in " la i “OMpre 
t ( Awe Mate p N { 

raw Sa MIX type of | it ly from | $ y i ) 
Petrol dupi "rand |fe Ir 7 

UINE sue tION stroke Ws only Mt dy 
Overhear; ne [Stroke iii 
i h ating trouble js more 4 i 
due te ' the . verheating 
P haa thermal efficien Y. [high th mt trouble IS les lue + 
, ) g erm ıl aft: ` D 
etro] engines are lighter and | Diesel a etficienc y | 

ha. age | 
cheaper., } n zine are he Vie i | 
Pre COSther . andj 

Ssure at the end of comp- | Pra se | 

p r ys = tt a ç | 
ression is 10 bar = a ee “ompre- 

SSION IS 35 hb. 

The x ie : ' 73 Dar 

charge IS Ignited with the | The fuel IS injected in the € 
help of spark plug. "7 Jected in the form of 


The running cost of t 
engine is high due to 
cost of petrol, 
Carburettor is used for mixing 
air and petrol in the required j 
proportion and supply it to the 
engine during suction stroke. 
The maintenance cost is less. 
It works on Otto cycle. 


The thermal efficiency is upto 
about. 26%. 


he petrol 
higher 


for 


0.55. Explain working of a four-stroke 
an indicator diagram. 

Ans. Actual indicator diagram for a four- 
fig. 5.24. Line 1-2 represents the 
suction stroke, which lies below 
the atmospheric pressure line. Due 
to this pressure difference, the 
fresh air flows into the engine 
cylinder. The inlet valve offers 
‘ome resistance to the incoming air. 
That is why, the air cannot enter 
uddenly into the engine cylinder. 
Dut to this reason, pressure inside 
he engine cylinder remains 
‘mewhat below the atmospheric 


Pressure 


TDC 
Fig. 


| 


fine spray. The 


Compression stroke. 


The maintenance cost iS More. 
It works on Diesel 


The thermal efficiency 
about 40%. 


temperature 


f com- 
pressed ar (about 600°C) ig suffi- 
ciently high to ignite the fue] 

The running cost of the diesel 
engine is low due to ower cost 
of diesel, 

The atomiser or injector is used 


injecting the fuel at the end of 


cycle. 


ts upto| 


diesel engine with the help of 


stroke diesel engine is shown in 


Atmospheric 


0 Pressure 


Volume 


BDC 
5.24 Indicator Diagram 
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Tho Line é : Suni í 

roke The send of COmprEsSSION ¢ 
‘during the suction str d point 2, Atthe ent haiei StTOke 
sure ale heyont -a avlinder. Shortly before a” 
geen | fe closes a little beyo"! je the engine © tinde BA fore the 
The inlet vaty sgsure inside “ind the fucl is injected into th 
e p ` t e 


reases temperat 


re. practica 
expansio 


engine cylinder. 4 


sents e 
4-5 represe ases are exhausted thro 
5. Now the burnt gas Ugh the 


cents the exhaust stroke, which lies above the 
+6 Due to this pressure difference the burnt gaseg 
l yder. The exhaust valve offers some resistance tg 

"That is why. the flue gases cannot Scape sudden 
the outgoing flue Finkel Due to this reason, pressure inside the cylinder 
oan ae the atmospheric pressure during the exhaust stroke, 
remains somew 


Define volumetric efficiency of an engine. (R.G.P.V., Dec. 2016 
DE VoumMEH E IS 


efficiency of an engine can be defined as the ratio of 


etric of an . 

i ad charge admitted during the suction. stroke at NEP. to ik 

tual vo g d dun ie 
ue volume of the piston. Mathematically, 


atmospheric P Se 
flows out of the engine C) 


0.57. Give expression for indicated power of an I.C. engine. 


Ans. Indicated power is the power actually developed by the engine cylinder, 
| oke in metres, A = Area of the piston in m2 


Let, L= Length of str sili 
Dn = Actual mean effective pressure, N = Speed of the engine in r.p.m. 
n 


n = Number of working strokes per minute 
- N (For two-stroke cycle engine) 
~ N/2 (For four-stroke cycle engine) 


mX 10° XLXAXN ts 
Indicated power (LP.) = «0 
_ 100 Pm LAN jw (For single cylinder engine) 
z 60 
i 100K Pm LAn kW (For multi-cylinder engine) 
7 60 


where, K = Number of cylinders. 


M ir an 
rake | | Metres, N e 
Oad In r ' = Spee n 
) ney . d of th 
Brak wtons € engine 
€ po Zine in 
p Wer(B py _ Torque in Non p.m. 


\ngle h 
. Imnec in 
I radians x 


_ | m 
- I x InN W/ r DTN 60 om 
z case of rop ” 0O y j Watts 
i ~\ i ‘ yna 
re Pring b ance read; mometer, let 
= Dead load A ng in Newto 
d = Diameter of ye 
one eter of the Tope in met 
<i meter of brak ee Tes 
= Speed of the engine in r > Hi 
‘P.m. 
Brake power (Bp )= (W-S) nN 
60 Watts 
(W-S)n(D, +ayn 
60 Watts 


- WORKING PRINCIPLE of COMPRESSOR 


Q.59. Explain the worki 


hee direct and indirect transmission 
l compressor sucks gas at | SS 
ainos e ; gas at low pressure 
fetes ee 7 In case of air Compressor), compresses it upto a certain 
r a & delivers ıt at high pressure to a storage vessel called receiver 

nly in reciprocating compressor) from where it may be carried by a pipe line 
to wherever it is desired. l 


Heat Rejected to Radiation 
and Coolant (Qhoss) 


Work Input 
(W) 


eres Com pressor 


High Pressure 
Gas (p3) 


Source 
of Drive 


(Prime M over or 
Electric M otor) 


Fig. 5.25 Working Principle of a Compressor 


Low Pressure Gas (p4) 
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Q.60. State the function of 


} e. 
the working of any one typ 


Ans. The primary function of 
: ch in turn can be 


r in industries are 
ressed air engi 


tate its various Ypes Discuss 
(R.G.PM. June 2011) 


a compressor S 
ssor is 10 compress the air to a 


a compre Aa maai 
s purposes. The main uses 


i used for vario 
high pressure. wht 
of high pressure al 

(i) To drive comp 
(ii) To inject fuel 
(iii) To operate dr 
railway carriage. water pump 
(iv) To start large D 
(v) To clean workshop machines, 
e. gas turbine p 


es used in coal mines. 
vlinder of a Diesel engine. 


‘av into the ¢ 
r brakes for locomotives and 


as spl 
ills. hammers. al 
and paint sprays: 


iesel engines. 
generators, automobile vehicles etc 


(vi) To operate blast furnance lant, bessemer convertors 


used in steel plants etc. 
(vii) To cool large buildi 


(viii)To supercharge LC. engines. 


ngs and aircrafts. 


Types of Compressor — 
The compressors may be classified in follo 


(i) According to the way of pressure deve 
(a) Reciprocating compressor 
(b) Rotary compressor. 
Further rotary compressors are of different types — 
(1) Roots blower compressor 
(2) Vane blower compressor 
(3) Centrifugal blower compressor 
(4) Axial flow compressor. 
(ii) According to the action — 
(a) Single acting compressor 
(b) Double acting compressor. 
(iti) According to number of stages — 


wing ways — 


loped 


(a) Single stage compressor 
(b) Multi-stage compressor. 
Working of Centrifugal Air Compressor - A centrifugal air 


compressor, mainly consists of impeller and diffuser. The impeller consists of 
an impeller disc and impeller vanes, attached on the impeller disc radially, 


forming radial q; 


with the sh; Ine p; F 
Walt a hi passa Dri 
R . ath , Peg , oca 
direction, The i; p Speeq ind h WN in f ting Machines 
air the air Ig. 526 269 
due to centrif n flows p, ` draw 0. T 
, entrifugal föra l Wg radially 7 n Into the im he Meller ra 
static pressure p € and kin Itwards th Peller ey Malt 
rise. et enero rOngh the IN an iXtal 
SJ 18 imp; Im Il 
parted ; er Das 
N the P Sag 
lr vith 
(ty 


Volute Casing 


Volute Casing 


Fig. 5.26 Centri 
. trifugal C. 
. The remainder of the or 
which is stationary, consi 
leaves the impeller t 


r kei . 
oe of ure rise 1s obtained in the diffuser. The diffuse 
ip with hi h number of fixed diverging passages, The i 
in its fixed divergin gh velocity and enters the diffuser. The diffus 
process of air in th & passage, reduces the high velocity. Thus, by the diffu i 

i i Bic - Lhus, by the diffusi 
gg n the diffuser, kinetic energy is converted into pressure n 
e i ; led 
r ow from diffuser is collected in a spiral passage from which it i 
ischarged from the compressor. a 


Q.61. Describe the merits and demeri ompresso 
l emerits of centri 
axial flow compressors. i a 


Ans. Following are the merits of centrifugal compressors over axial flow 
compressors — 


(i) In centrifugal compressors low starting torque is required 
whereas axial flow compressors requires high axial torque. 
(ii) Manufacturing and running cost of centrifugal compressors is 
low in comparison of axial flow compressors. 
Demerits of centrifugal compressors over axial flo 
(i) Centrifugal compressors are not suitable for multi-staging 
whereas axial flow compressors are suitable for multi-stagi 


w compressors are — 


c frontal area for a given 


nical Engineering 
sss frontal area for a 


i echa : are 
4 Basic M ccors require larg 


26 | 
ii) C entrifugal compre ST cit " 
; hereas axial {low compres 
ow whereas axial HON |  irerafts. 
sain , Thus suitable for air N 
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In positive displacem YI and the volume it occupies 1s reduced ne ron. N, Silicon, pho 
is trapped in compress1on a al t discharge. With the variation in (b) Draw Stress-strain diag, Sphorus on the + 
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ne This rises the pressure of alr . oints. am See T nis 
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as Involved, 3 brium diagram and explain 
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(b) Discuss the measur 


the discharge volutes Or diffusers. 
sram of la . ; 
the machine and discus 


be i 
aii On it. (See Unit-I]. Page 98 
Y vernier caliper with neat sketch | 


(See Unit-II, Page 67, Q.4 
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T 4 (a) Draw a neat sketch : 
, of radial drilli N: 

- operations. drilling machine, discuss its various 

See Unit-II. P: y 
\ | (b) Define the following measurement t | H Uait-IL Page 104, Q3 
(i) Accuracy (ii) Sensitivity (iii) P pea 

11) Frecision (iv) Hysteresis (v) Error 

(See Unit-I], Page 48. 0.19 
i (a) State and prov i? TARE A aa 
| fad p ove Bernoulli’s equation for incompressible fluids. State 
; Me ssumptions. (See Unit-IM, Page 115, Q.21) 
| | | (b) Draw a neat sketch of hydraulic power plant. State the function of 
~N | any five important components. “ 

i Or 

‘ (a) Discuss the working of fluid coupling and state its applications. 
(See Unit-III, Page 121, Q.25) 


I 


| (b) Describe the construction and working of Pelton turbine. 
(See Unit- Page 131, Q.38) 


(a) Draw a neat sketch of a Cochran boiler. State the function of any 


a 
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7.98 ane 
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ke petrol engine. 
(See Unit-V, Page 251, Q.43) 
State the function of any five 
(See Unit-V, Page 206, Q.7) 


(b) Define Refrigerate 
system. State the funct 
9, (a) Explain the working of two stro 
(b) Draw a neat sketch of steam engine. 
important components. 

Or 


stroke petrol engine. 
(See Unit-V, Page 248, Q.39) 
a, l iesel cycle 
ferentiate between an Otto cycle and a piene kma 
(b) Differenti (See Unit-V, Page 225, Q.27) 


10. (a) Explain the working of four- 
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e questions. Use of Steam table is permitted. Support 
charts, etc. All questions carry equal marks. 
for M.S. and cast iron. Discuss various 
(See Unit-I, Page 34, Q.54) 

ents on the properties of cast iron. 
(See Unit-I, Page 8, Q.11) 


Note : Attempt any fi 
your answer with figures, 


1. (a) Sketch stress-strain diagram 


points for M.S. 
(b) Discuss the effect of alloying elem 


Or 
2. (a) Describe the various mechanical properties of materials in short. 
(See Unit-I, Page 28, Q.44) 
(b) Define Steel. Discuss its various types, uses and their applications. 
(See Unit-I, Page 24, Q.33) 
3. (a) Discuss any three operations that can be performed on a radial drilling 


**Now, according to new revised syllan) of R.GP.V., it is not included in syllabus 
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(b) What d 
(0) 
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e its uses. y fluid coupling > ¢ Il, Pag 


the work; 

orking of any one 
i (See Unit : 

“mit-y, Page 3 7 


(b) Discuss in sho 
i) Vi ii , et 
(1) Viscous flow (ii) Laminar flow s Pr pperties related to fluid 
op OW (iii) Turbulent flor i 
1V) Fressure, viscosi 
; Osity, densi 
7. (a) Differentiate Pai a 
: compression system 
Cal val 
(b) culate the equivalent evaporation from and at 100°C 
100°C fi 


(See Unit-I1], p 
Fage 108,0.9 
Pour absorption system and vapo 


p \ 


tion rate is 16000 kg/hr. Coal is burnt at the 

calorific value of coal is 3 750 ki kg Als 
í À i x g. AISO 

ency of boiler. (See Unit-[\. Page 180, Prob. 14) 


300°C. The steam genera 
rate of 1800 kg/hr. The 
calculate the thermal effici 


8. (a) Discuss Eco-friendly refri i 
jane eae re igerants. State their properties. Why are 
n present time ? ne 
(b) A chimney of 30 m height is discharging hot gases at 320°C, when 
outside temperature is 30°C. The air-fuel ratio is 20. Calculate 
(i) The draught produced in mm of water column. | 
(ii) The temperature of gases for maximum discharge in a given 


time and what would be the draught produced corresponding. 
(See Unit-IV, Page 187, Prob.15) 


3. (a) Discuss the working principle and functions of each part of steam 
engine. (See Unit-V, Page 205, Q.6) 
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| “Now, according to new revised syllabis of R.GP.V. 
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of two (See Unit- $ ag Shs I, C ) 


Basic Me 


Or . , 
derive an expression for efficiency of Otto 
cle and cet (See Unit-V, Page 222- Q.25) 
cycle. - on ideal Otto cycle, the temperature at the 
orking t ession are 27°C and 327°C. Find 

ard efficiency of the engine. 
(See Unit-V, Page 231, Prob.7) 


) Explain Otto ©) 
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ting one question from each Unit. 


ns in all selec i.e 
sume suitable missing data, if any. 


mitted. As 
Unit-I 
1. (a) Define the following mechanical properties of engineering material : 6 


(i) Ductility (ii) Brittleness (iii) Toughness 
(See Unit-I, Page 26, Q.39) 


-carbon diagram and various allotropies of steel. 8 
(See Unit-I, Page 13, Q.21) 


Note: Attempt five questio 
Use of Steam table 1s pen 


(b) Discuss the iron 


Or 
2. (a) What is cast iron ? What are different types of cast iron ? Discuss 
their properties. (See Unit-I, Page 7, Q.10) 8 
dness testing method in brief. 6 


(b) Define hardness. Explain any har 
(See Unit-I, Page 36, Q.56) 

Unit-II 
ement and measurement error. 6 
(See Unit-Il, Page 43, Q.5) 


(b) What is a sine bar ? Explain its use with the help of neat diagram and 
(See Unit-II, Page 78, Q.60) 8 


3. (a) Explain the term measur 


explain. 
Or 
4. Explain the working of a vertical drilling machine with th 


sketch. Also state the parameters used to specify a drillin 
(See Unit-Il, Page 


e help of a neat 
g machine. | 
100, Q.94) 


(4) 


> 


5. Writ 
Cag Basj 
amiina hort Note on h Uniteryy i Mechanica e 
E with the hel Ydraulic turbi Ngineering 
0 ne a 

6. (a) Dif f neat sketches nd fluig Couplin 
| Merentiat Op (See Unity „6 Plainin 
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inar ; St 6,40) 14 
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b ity distributie 
} le ion of flow 


N m/sec - 
Shear Stress at ie distance A 
Stance |] g 
-© m al 
e 
€ plate 


; 
Orced draught (See Unit- 


(b) What is €co-friend] 


properties, y refrigerant ? 


Na k 
f o i 


Or 


thermod i 
ynamics ? Explain the two statements 
(See Unit-IVy, Page 143, 0.13 x 


8. (a) Whatis second law of 
of this law. 
(b) Define boiler efficiency 
and C.0O.P. of a refrigeration system. 
Unit-V 
9. (a) What i i 
) at 1s a steam engine ? Give its classification ) 
: 6 
' (See Unit-V, Page 203, 0.2) 
(b) relates steam at 10 bar is admitted into the iii A 
: i - : acting, single cylinder steam engine. The cylinder aski 
, ji and stroke 650 mm. Cut-off occurs at 50% of the 
r o k 
length and pressure is 1.5 bar. Assuming a diagram factor EE. 


find the indicated power of the engine, if it runs at 380 rp.m. 8 
(See Unit-V, Page 214, Prob.1) 


i g 
(See Unit-Ty, Page 174, Q.40 


0 


Or 
10. (a) Differentiate between two-stroke and four-stroke I.C. engine. 6 
(See Unit-V, Page 253, Q.46) 


(b) Explain the working of four-stroke petrol engine. 8 
(See Unit-V, Page 248, Q.39) 
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stress-strain curs 
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e fora ductile material. 
(See Unit-l, Page 32, Q.53) 
of alloy steel giving their 
(See Unit-I, Page 20, Q.27) 
procedure for determining 
(See Unit-I, Page 36, Q.56) 


Or 
alloy steel ? Name two types 
on and uses. 
rdness and ex 
ngineering I 


What is 


compositi i 
plain the testing 


naterial. 
Unit-Il 


on and uses of the following measuring instruments— 


hardness ofe 
(See Unit-Il, Page 73, Q.50) 


tructi 
(ii) M icrometer 


Or 


Dial gauge 
measurement of flow ra 


te of a fluid flowing through a 
(See Unit-I, Page 57, Q.27) 
can be performed on a lathe 


Describe the 
(See Unit-II, Page 98, Q.88) 


circular pipe. 
Name and explain 


machine. 


five operations which 


Unit-III 
of viscosity. What is the effect of temperature 
(See Unit-I, Page 111, Q.12) 


and gas ? 
rking principle. 
121, Q.25) 


State Newton *s law 
? Explain its wo 
(See Unit-III, Page 


on viscosity of water 
What is fluid coupling 
Or 
te pressure and gauge pressure. How 
rted by fluid ? 
III, Page 106, Q-5) 


Differentiate between absolu 
(See Unit- 


can we measure pressure exe 
kk 


128, Q.34) 


Jlabus 


Differentiate between the following — 
(i) Laminar and turbulent flow 


(ii) Turbine and compressor 
revised syllabi of R.GP.V., it is 


(See Unit-III, Page 
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(a) Explain the wadi Unit-y nit-FV, Page 168 
a neat dia ng of a double ac 
(b) Diffe gram. acting steam engine with + 
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See Unit Page 255 
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heat to the engine 
b) E i ir 
(b) Explain the working of a 4-stroke petrol engine 
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See Unit-V, Page 230, Pr 
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(See Unit-\, Page 248, 
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ach unit. 


(a) Draw the stress-strain curve for a ductile metal and point out its 
salient features. (See Unit-l, Page 32, Q.53) 7 
(b) Explain the following re bon equilibrium 
diagram — 7 

(i) Eutectic reaction (ii) Eute 


actions in relation to iron-car 
ctoid reaction (iti) Peritectic reaction 
(See Unit-l, Page 17, Q.22) 


ised syllabus of R.GP.Y., itis not included in syllabus 
“ (7) 


Basi 


4 
ks 


a 


8. 


gineenng 
Or g materials 


c Mechanical En 
of engine! nn 


(Seel nit-l, Page .Q.)) 


the broad cla csifie ation 
| cH t ( 1 an engine 


(a) Give 


Patigue 


ih) Define 
(See | nit-l. Page 


material 
(i) Hardness 


(iit) = 
0.41) 


fa combination set. 7 
(See Unit-IT, Page 79, ().63) 
‘ors in the act of taking 
(See l nif-Il, Page 43, Q.6)7 


n the constru 


(a) Explal 
ces of ert 

b) Discuss the different sources ¢ 

(D scu 

„urement 
measure o | 
explain its working. , 
(See Unit-Il, Page 69, Q.45) 


orking principle of a lathe machine 
(See Unit-II, Page 96, Q.86)7 


(a) Sketch 4 micrometer and 


(b) Explain the construction and W 
with neat sketch. | 
Unit-II] 

, from the Euler equation of motion 


ish the Bernoulli ’s theoren ! 
(See Unit-Ill, Page 115, Q.20) 


(a) Establ 
through a stream tube. E 
(b) Enumerate important characteristics of te 
~ (ji) Laminar flow ( ii) Turbulent flow. 
Or 
(a) Explain working principle of fluid coupling. 7 
(See Unit-III, Page 121, Q.25) 


g has a slope of-1 in 100 and tapers from 1 m 
d to 0.5 m at the low end. Quality of water 


flow is 5400 litres per minute. If the pressure at the high end is 


70 kPa. find the pressure at the low end. 7 
(See Unit-II, Page 121, Prob.6) 


(b) A pipe 300 meters lon 
diameter at the high en 


Unit-IV 


(a) Explain with neat sketch vapour compression refrigeration system 
also draw p-v and T-s diagrams. ony 
r in following conditions — 7 


(b) Find enthalpy of steam at 10 ba 
(i) Dry and saturated 
(ii) Wet having dryness fraction 0.95 


(iii) Superheated to a degree of superheat = 50°C. 
(See Unit-IV, Page 197, Prob.16) 


Or 
7 


(a) Give classification of boilers on different basis. 
(See Unit-IV, Page 161, Q23) 


**Now, according to new revised syllabus of R.GP.V., it is not included in sylla bus 
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Note : 
1. (a) 
(b) 
2. (a) 
(b) 
3. (a) 
(b) 
4, (a) 
(b) 


VOr<ing 
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Attempt five questions selecting Tom 
carry equal marks. Sone Fom each unit, All question 
Explain th Mk 

€ stress-strain di “mi 
esteh lagram of mild steel with the elp 
Define followi l = 
6 ier mig properties of engineering materials ` 

" a ae = i 

Hardness (ii) Ductility (u1) Fatigue (iv) Modulus of ela 
L S Of elasnhicity 


(See L nit-], Page 3? O.S 


= 


=Q 
t iva 


yee | 


m P Or 
escribe compositi i i 
aon iraton position of grey cast iron and its properties and 
— ication In engineering field. See L nit-L, Pa 7 
at are al 9 allovino i e 
loy steels ? Why alloying is done ? Explain. 
(See Lnit-1, Page 18, Q.23) 
. Unit-ll 
What is the use of micrometer ? Explain its working. 
(See Unit-L, Page 69, Q.45) 


Explain the uses of sine bar. (See Unit-Il, Page 78, Q.59) 
Or 


Write short note on slip gauges. 
With the help of a simple sketch, explain different component 


(See Unit-II, Page 74, Q.32) 
s of 


(9) 


8. 


10. 


6. 


‘ ‘nal Engineering 
ai noe (See Unit-I, Page 9.4, QRS) 
a machine. 

Jathe n l nit-11 
or Incompres 
(See Unit TEP 


sible {wid ? How is i 
What is Bernoulli's theorem 1 age 118.Q.21) 
(a) puk ow ma pipe 


3. 
used to me 


(b) How hydra 


asure fl Sr | 
f assified Explain l l 
(See l nit-I1. Page 12302 


ulic pumps are cl 


Or 
n viscous and non-viscous flow. 
ee Unit-IIT, Page | 21,Q.25) 


oupling. (S 


ate betwee 
e working of a fluid € 
Unit-I\ | 

of thermodynamics, 
(See Unit-IV, Page 143, Q.13) 
he working of a vapour compression refrigeration system 
wx 


(a) Differenti 
(b) Explain th 


(a) State and explain second law 


(b) Explain t 
with the help of a neat diagram. 
Or 
Steam at 18 bar and dryness friction 0.9 Is heated at constant pressure 
until it becomes dn and saturated. Find the increase in volume, heat 
supplied and work done per kg of steam. Further if volume of steam is 
kept constant. find how much heat be extracted to reduce the pressure 
of steam to 14 bar. (See Unit-IV, Page 201, Prob.22) 
Unit-V 
(a) What is steam engine ? Explain its actual working with the help of 
actual indicator diagram. (See Unit-V, Page 210, Q.14) 
(b) Compare the working of petrol and diesel engines. 
(See Unit-V, Page 258, Q.53) 
Or 
(a) With the help of p-v diagram explain the working of a four-stroke 
diesel engine. (See Unit-V, Page 256, Q.52) 


(b) An engine working on Otto cycle is supplied with air at 0.1 MPa and 
35°C. The compression ratio is 8. Heat supplied is 2100 kJ/kg. 
Calculate the maximum pressure and temperature of the cycle, cycle 
efficiency and mean effective pressure. (See Unit-V, Page 234, Prob.10) 
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(2) Use of steam tables and Mollier chart’s is permitted without 
written any thing by Pen or Pencil. 
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7 Name the vario 


US Oper; 
e. What are the Perations w hich can be pert 


ona ; 
lathe machin 
advantages ` 
4565 Of using 


Attachement ? 
Define the terms — See I l 
: ce Umt-I], Pace 95 
(a) Viscosity age 98, (9.90 


(b 
(d) Datum energy i eusa (e) Kinetic nergy 


(e) Compressible fluid. 


(See L il -M i ive 
Defi p ve `” T 
Isplacement nach) © ana 


State the differ 
mA Seton, ences between the following boilers 
a oei ty =i portable boiler 
ci i : 
i rcu ation and natural circulation boiler 
ji xternally and internally fired boiler 
(d) Single tube and multi tube boiler. 
m (See Unit-IV, Page 163, Q.24 
. l 
With the help of a neat sketch, explain the working of 2 Babeoek and 
Wilcox Boiler. (See Unit-IV, Page 167 Q 19) 
l ` -1 V, Page “O2 
Define the term diagram factor, as applied to a steam engine. Also define 
the term indicator diagram and explain how it is obtained °? 
(See Unit-V, Page 207, Q.8) 
Or 
Define the following terms as applied to a steam engine. 
(a) Clearance (b) Swept volume (c) Mean piston speed 
(d) Dead centres (e) Crank throw (f) Piston stroke 


(g) Cylinder bore. 
(See Unit-V, Page 208, Q.12) 


(11) 
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In each question part A. B. C jg 

| í 

rnal choice, 
tion are to be attempted at one place. 

z t « ` t ' 

a: ks. out of which part A and B (Max. 


~ -100 words) car 
js) carry 2 marks. part € (Max. we ) arry 3 
S0 words) calTy <- 0" A CATY arks. 
S lape D Max. 400 words) cary m , 
marks. part D (Mi Derivation Design and Drawing etc. 
e € . = 
permitted. 


en malleability and ductility. 
(See Unit-I, Page 25, Q.37) 


i i 
Answer f1ve que nan ae 
st art has 
compulsory and D part ^ 

(ii) All parts of eae eni 
diii) All questions caim equi 


Note : (i) 
h qu 


(iv) Except numericals. 

(v) Use of steam table is 

1. (a) Explain the difference betwe 
-am for mild steel. 

(See Unit-l, Page 32, Q.53) 

(c) Give the classification of carbon steel. Sree one 

(d) Explain the steel and iron carbon diagram. (See , Page 13, Q.21) 

Or 


(b) Explain the stress-strain diagt 


cm is subjected to an axial pull of 
20 KN. If the modulus of elasticity of the material of the - is a 105 
ae. ‘ne stress. strain, and the elongation of the rod. 

Master eee (See Unit-I, Page 36, Prob.1) 


the devices used for measuring the pressure of a 
(See Unit-II, Page 53, Q.21) 


(e) Arod 150 cm long and diameter 2 


2. (a) Briefly explain 
= f ture measurement 
plai inciple of temperature i 

PA ais i i (See Unit-II, Page 50, Q.14) 


(c) Describe vernier caliper with neat sketch. (See Unit-II, Page 66, Q.40) 
ion and working principle of a simple lathe 


in the construct 
ai m (See Unit-II, Page 96, Q.86) 


machine. 
Or 
(e) Explain the principie of venturimeter with a neat sketch and derive 


ion for the rate of flow of fluid through it. 
e expressio (See Unit-II, Page 57, Q.27) 
(a) What do you mean by vacuum pressure ? (See Unit-III, Page 106, Q.4) 


(b) State the Newton’s law of viscosity and give examples of its 


3. 
(See Unit-II, Page 110, Q.11) 


application. 


(c) What factors decide whether Kaplan, Francis or a Pelton type 
would be used in a hydroelectric project ? 


R . e bus 
**Now, according to new revised syllabus of R.G.P.V., it is not included in sylla 
(12) 


turbine 
kk 


(d) 


(e) 


(a) 
(b) 
(c) 


(d) 


(e) 


(a) 
(b) 


(c) 


(d) 


(e) 


O E LLG 


A 
ASIC Man 
larh INICA en. 
f WMeering 


State 
Bernoullis, ther 
Tem Wm 
t 


ine O , 
Mpressihle fluid M | deri 
' f 


> JURIT ; 
Nfton the mM tor th, Fi 
ET) i ma i 
IMPtion mad i A ) = 
' TATE for 
OF ler; à 
Ng it 


Or ty “ae it 


State ; 

` in qj 

and explain Second law ne 
aW Of thern odynam 


How boilers are c| 
ee accessories ofa boiler 
) steam is 

(1) 0.9 dry (ii) dry Saturated (iii) super heated to 250° 


assified ? Write down few nam, 


The following observations were wae à y le _ 
Coal used = 200 kg/hr Rian aki vas. aa 
Steam pressure = 11.2 b ete on oe 
Feed water temperature a i nn me 
>32 15C 
Calorific value of coal = 28800 kJ/kg 
Calculate the equivalent evaporation from and at 100°C per kg o 
coal and boiler efficiency. (See Unit-IV, Page 178, Prob 
What is Carnot cycle and its importance ? (See Unit-V, Page 218, 0.29 
Write any four advantages of 4 stroke petrol engine over 2 stroke 
petrol engine. (See Unit-V, Page 253, Q.45 
For the same compression ratio and heat supplied, state the order of 
decreasing air standard efficiency of Otto, Diesel and Dual cvele. 


(See Unit-\, Page 229, Q.31 


Find the power output of a Diesel engine working on a diesel cycle 


with compression ratio of 16 and air flow rate of 0.25 kg sec. the 


initial condition of air at | bar absolute and 27°C temperature, heat 

added per cycle 2500 kJ/kg. (See Unit-V, Page 238, Prob. 12) 
Or 

The minimum pressure and temperature in a Otto eyele are 100 kPa 


and 27°C. The amount of heat added to the air per cycle IS 1500 kJ 
and temperatures at all points of the air 


kg. Determine the pressures gatal pon 
o Aniar Otto cycle. Also calculate the specific work and therma 
° . e . na a 
fficiency of the cycle for compression ratio of 8: 1. m 
ici (See Unit-V, Page 233, Prob.9) 
(13) 


ond Semester) 


; pec.. 2014 
dell IA’ TON, Pecs a : 
EX aca ENGINEERING 


-C MECH 
BASIC ME (BE_203) 
h question part A, B, C ig 


B.E. (First/See 


7 cac 
~oa sstions. l = 
Answer five que sal choice 


| si , as intel iaaa 
Note . (i) sompulsor and p part has i he attempted at ONC placc A 
C : . are ti ‘ 
. ` aston are i d , ; 
(ii) All parts of Cai h qut si oes gät ol " hich part A and R (Max. 
panee (Max. 100 words) carry 3 


(iii) All questions carTy © 1. pat C 
50 words) carry ~ Marks, ps carry 7 marks. 
4 D (Max. 400 words) cart, aude ie 
part D (Mi Derivation, Design and Drawing = 
€ € ’ - : ) 
‘ See Unit-I, Page 3l, Q.47 
Define tensile str a material. (See l slic gions 
; efine tensile SUCHE DEN ; it’s ap ri . 
I. (a) composition of grey cast Iron and 1t PP , 
(b) State the compositi oe (See Unit-I, Page 6, Q.6) 
9 Give it’s unit of measurement. 
l (See Unit-I, Page 31, Q.49) 
(See Unit-I, Page 13, Q.21) 


marks. 


(iv) Except numericals. 
sngth ot 


(c) What is modulus of elasticity 


(d) Explain the iron-carbon diagram. 
Or 
S -plain the brinell hardness test. 
Define hardness and explain dec UHL FHEILOSO 


ə device and it’s operating principle 
Define temperature and name one ok 
for measuring temperature. | eae 0 oe eee, 
is ori eter ? Draw its diagram and giv 
= setae (See Unit-II, Page 59, Q.28) 
or 


| ocedure of vernier caliper. 
(c) Explain the operating pr oe 


. — > Sine bar 
i te on (i) Combination set (ii) Sine 
a (See Unit-II, Page 81, Q.65) 
Or . _ 
Explain the quick return mechanism used in shaper with neat sketc “ 
Differentiate between real fluid and ideal fluid.(See Unit-I, Page 110, Q.10) 


3. (a) .(S s 
i ic vi i i : f measurement ? 

k atic viscosity of fluid. What is it’s unit o 
iii ý (See Unit-III, Page 108, Q.8) 


(c) What is hydrostatic law ? Explain it. (See Unit-III, Page 112, wae 
(d) What is venturimeter ? Derive the expression for measuring rate 0 


flow of fluid in a horizontal pipe. (See Unit-II, Page 57, Q.27) 
Or T 
What is a hydraulic turbine ? Draw a neat sketch of pelton turbin 


**Now, according to new revised syllabas i R.G P.V., it is not included in syllabus 


(d) Explain the operatin (See tin P we y. 


Feed mus tial the following obsery 
Boiler pressures is kii 
Ss 5 bar 
Dryness fraction of Steam = ().85 
et mars a 
Pplied = 3500 kg/hr 
C.V. of coal = 40,000 kJ/kg 
Calculate the evaporation factor and equivalent 
in kg/kg of coal. (See Unit-TV, Page 17% p. 
5. (a) Draw the hypothetical indicator diagram of a steam ioi 
(See Unit-V, Page 299 
(b) Draw the p-v diagram of Carnot cycle and express t's efficiene 
(See Unit-V, Page 219, 0.2 
(c) Explain the fundamental difference between Otto and Diesel cvele 
(See Unit-V, Page 225, 0.2 
(d) Explain the working of a 4 stroke diesel engine. 
(See Unit-V, Page 256, Q.52 


fon Te made 


evaporation ar iOi 


Or 


Differentiate between two stroke and four stroke LC engine 
(See Unit-V, Page 253, Q.40 
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i ions ac stion part A, B, C is 
Note: (i) Answer five questions. In each question part A 
compulsory and D part has internal choice. 

(ii) All parts of each questions are to be ae at re i M 
iii ions c al marks, out of which part A and x: 
i) All questions carry equa l | i a 

ji 50 words) carry 2 marks, part C (Max. 100 words) carry 
P.V., itis not included in syllabus 


revi s of R.G 
**Now, according to new revised s} Bi 


(a) 


Basic Mechanical Engineering sno words) carn 2 marks 
eş. part D (Max. «sign and Drawing ete 
marks. P yericals Derivation. Design 
ma cept nume4neels- , 
(iv) Except Unit-l coe Unit-I. Page 25. Q.35) 
(Se Pag 
-o stress and strain ements such as manganese 
1. (a) penn pe of adding the alloving ele coat it-1. Page 18. Q.25) 
? aftec t a a l aL age io. Y.a, 
State the effects ‘ (Sect! ; at e , 
(b) = vels. wn F ~“ and c > ` x i f Ph. 
and tungsten t0 steels aia and modulus ot c lastic ll ; ‘ alorific , alue of, Mass Of coal p, € dryness fraction 
(c) State and explain Hooke s K (See l nit-l, Page 31, Q.48) Clermine thee oal iş 1000 ky i MITT per hon se on 
Ole 5 A = qutvale R 7 ` O kg 
com for an elastic material, Ent evapo 
-nlain stress-strain diagram it a Iage 32. O poration and hotler 
(d) Draw and explain stress (See l nit-I, Page 32, Q.53) i (Sen t 
On > (A) Give list of Unit-y : : 
l s seel and enlist mechanical parts of double 
rite do -omposition of carbon stee! s acting steam eng, 
Wat dows om (See Unit-I, Page 12, Q.19) (b) What engine 
properties. atas the functic ' 
Unit-ll m of connecting rod in h 
, ‘ surement. > eat engin 
ni . jiii emperature measureme (c) w 
> (a) Write down the principle of temp , hy co (Se 
2. (a) (See Unit-II, Page 50, Q.14) Y Cooling of an I.C. engine is ņ a e z 
. sw = equired ? 
(b) Explain the term threshold value of any measuring aap (d) Explain wi (See | 
(See Unit-II, Page 48, Q.10) With the help of son ai nit-V, Page 245 
i ing errors ? petrol engine. 'agram the working of four-str 
(c) What are the various sources of measuring l (See t ng ot four-stroke 
(See Unit-II, Page 43, Q.6) he A ee Unit-V, Page 249 
xplain carnot 
cycle and find : 
e or; ~ 
Xpression for ideal efficienc mot 


Give the labelled diagram, method of use and application of sine bar. í 
(See Unit-II, Page 78, Q.68) engine. | 
(See Unit-V. Page 219 


(d) 
Or 
Explain various lathe operations in brief. (See Unit-II, Page 96, Q.87) B.E. (First/Second Semester) 
Unit-III EXAMINATION, Dec. 2015 
3. (a) State Newton's law of viscosity. (See Unit-II, Page 110, Q.11) lassa] BASIC MECHANICAL ENGINEERING 
(b) What are the applications of Bernoulli ’s theorem ? è (BE-203) 
iai Note : (i i . 
| | (See sil III, Page 115, Q.19) (i)® Answer five questions. In each question part A, B 5 
(c) How fluids are classified ? (See Unit-HII, Page 110, Q.10) _, compulsory and D part has internal choice. 
(d) Derive Bernoulli’s equation for a perfect incompressible liquid. (ii) All parts ot each question are to be attempted at one place 
(See Unit-III, Page 118, Q.22) (iii) All questions carry equal marks, out of which part A and B (Max. 
ör 50 words) carry 2 marks, part C (Max. 100 words) carry 3 
Explain construction and working of fluid coupling. (iv) ae aot rg ia words) eany 7 marks. 
l x numericals, Derivation, Design and Drawing ete. 
esas (See Unit-III, Page 122, Q.25) 1. (a) State the material used for making of the following parts, stating 
, Wied Unit-IV . reason — twist drill, milling cutter. (See Unit-1, Page 30, Q.22) 
. (a) Write down two statements of second law of thermodynamics. (b) Compare properties of ferrous and non-ferrous metals. 
(See Unit-IV, Page 146, Q.14) (See Unit-l, Page 4, Q.3) 
(c) Define the following properties of material — ductility, toughness, 


(See Unit-IV, Page 175, Q.41) 
Hardness, Creep. (See Unit-1, Page 28, Q-43) 


(b) What is equivalent evaporation ? 
** Now, according to new revised int) of R.G P.V., it is not included in syllabus 


(c) Find the enthalpy of steam at 9 bar, when it is dry saturated. 
(See Unit-1V, Page 197, Prob.17) 


(16) 


Basic Mechanical Engineering 


(d) 


m 
ym, 

=) 

— 


(b 


— 


(c) 


(d) 


ai apram and point out its salient 
< iron-carbon equilibrium diagram } machin 
Sketch the iron-ci (See Unit l, Page 13.0.21) 
Features. 
“ mM terials ° 
: s vcring materials . 
. ` sting engineers 
What is the purpose of testing CTE (See Unit- Page 30, Q.45) 


I 1 | “On-caTDON CC utlibriuy 
| fi ll AAN ing reactions n relation to Won irl ( | n 
=xpli in the Ton i 


diagram 

(i) Eutectic reaction 

(ii) Eutectord reaction 

(iii) Pentectic reaction. eer ee 
Distinguish between 

(i) Range and span 

(i) Error and accuracy 

iii) Accuracy and precision o 

iii i (See Unit-II, Page 48, Q.11) 
Explain how sine bar used for setting an angle and for finding an 
unknown angle. (See Unit-II, Page 77, Q.58) 
Describe the construction and use of dial gauge. 

(See Unit-II, Page 72, Q.49) 

Explain the principle of operation of rotameter for discharge 
measurement. (See Unit-II, Page 56, Q.26) 


Or 
Describe with a neat sketch, the working of a bimetallic thermometer. 
(See Unit-II, Page 50, Q.15) 
Distinguish between inward and outward flow reaction turbine. 

- (See Unit-III, Page 130, Q.37) 
Distinguish between positive displacement and non-positive 
displacement compressor. (See Unit-V, Page 264, Q.62) 
Sketch the general arrangement of a hydropower plant and state the 
function of its different components. . il 
Water is flowing through an inclined conical pipe, 100 m long. It has 
600 mm diameter at the upper end and 300 mm at the lower end the 
discharge rate is 50 lit/sec. The pipe has a slope of 1/2:15. Find the 
pressure at the lower end if the pressure at the upper end is 2.5 bar. 

(See Unit-III, Page 121, Prob.7) 

Or 
Water flows through 200 mm diameter pipe. The point A and Bare at 
elevation of 6m and 8m, respectively along the inclined pipe. The 
pressure at A and B are 50 kPa and 20 kPa, respectively. If the flow 


**Now, according to new revised sylabus v% R.GP.V., it is not included in syllabus 


4. (a Cad loss 
(b) 
(c) 


“AD Oration fron H 


p 
at LONI 
for Its Use 


(d) ¢ 


"e Unit-TV, Page 181, 0.45) 
The pressure Or i 


static) Correlation for a non-flow revers 


(See Unit-IV, Page 136 


What is cut. i 
S cut-off ratio ? How does it affect the air 


of an Otto cycle ? de tok efficiency 
(0) a toee L nit- i re 95 j9 
W is the mean effective pressure forr en 


(b 


aa 


eciprocating engine defined” 
(See Unit-V, Page 207 


gine with petrol engine 


ee h e ~ to t ne 
Wit ref rence U ) Maximum 


tlo, cost and load contro 


aul 


Pressure, efficien 

Give explanat; 

lon. See Uni 

ad) A p “auon (See Unit-V, Page 236. Q.5 
f gas engine working on Otto cycle Operates with the followino 
parameters—linlet condition | bar pressure 320 K remperature 
rv ca ratio 4:1 and pressure ratio 4:1. If the working 
uid is air with R = 287 J/kg k and y = 1.4. Make calculation for 
useful workdone, thermal efficiency and mean effective pressure. 


(See Unit-V, Page 236, Prob.11) 


Or 
s diagrams, show that for the same maximum 


With the help of p-v and t- 
pressure and heat input. 
Notto 7 NDual 7 Diesel 


(See Unit-V, Page 229, Q.31) 
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i : stion pi is 
Note : (i) Answer five questions. In each question part A, B, C 
compulsory and D part has internal choice. 


itis noti in syllabus 
| i i of R.GP.V., it is not included in sy 
**Now, according to new revised ate: 


Basic Mechanical Engineenng he attempted at one place 
’ >A 

j sgtion are to De i 

axe arts of each ques nich patt A and fi 

(ii) Alpa arry equal marks. out of wnn | 

sory J wstions ce 

(int) All qi 


x art C (Max 100 words) carry 3 
s0 words) car 
(Max. - 


nD (Max 400 wort 

) Jesin 
Except numericals. Derivation. Desig 
pai data suitably. 11 ans o 
l chetches\diagrams fgures\w herevey 
ean 


` marks. P 


ye) carry 7 marks 


peer ee and Drawing ete 

(iN 

{y} Assume missing 
(vi) Draw neal and i 
required 

1. (a) What is cast iron ae 

a a hi sine measured ? (See Unit-I, Page 26, Q.38) 


re) Define hardness. How 1 c€ sage 
ae 1 for steel. (See Unit-I, Page 13, Q.21) 


(draw an iron-carbon diagran 
yr Or 


Explain the following 7 
ye Hooke’s law (ii) Modulus of elasticity 


yir Tensile test of steel. 


2, (a) What are dial gauges ? State its applications. 
(See Unit-II, Page 70, Q.46) 
(b) How will you measure flow ? Name instruments used. 
(See Unit-II, Page 55, Q.25) 
(c) Briefly describe the concept of measurement errors. 

(See Unit-II, Page 43, Q.4) 
pr dew a neat sketch of lathe machine showing essential components, 
| State functions of three major components. 

(See Unit-II, Page 93, Q.85) 


sail Sean 
> State its composition. (See Unit-l, Page 5, Q.5) 


applications. (See Unit-I, Page 22, Q.31) 


(See Unit-I, Page 32, Q.50) 


Or 
Write brief about drilling machine — 
(i) Sketch (ii) Types of drilling machines 
(iii) Operations performed. 
(See Unit-II, Page 104, Q.96) 
3: er What do you mean by fluid ? Define any three properties of fluid. 
(See Unit-ILl, Page 107, Q.6) 
py State Bernoulli’s equation for incompressible fluids. 
(See Unit-III, Page 114, Q.18) 
(oy escribe the working principle of fluid coupling with neat sketch. 
(See Unit-III, Page 121, Q.25) 


(20) 


r Miar 
liar ħ Iie 3j È 
gineering 
; Tele FIE Pwe 
Dise the i í T With nent 
SS the f We Ny 


y 
and Induced botler dra 


(d) Describe the wor 
neat sketch. 


rhit 


n see | nit. V Pina . j 
king of vapour Z i 


compression retngeration svet M 


Calculate the follow; Or 


ng — 
(i) The kinetic en 


ergy of ah ; 
. © € ody whic ka : 
Velocity of 10 m/s. YY Which nas a ass «2 and 3 


(ii) The change in poten 
B raised a height of 3 
(iii) The strain energy 

from its free length ohio 


i pring constant l ) 


(See L nit-\ Page ) È 


tial energy of a mass of 5 
m. 


Kg when 


stored in a spring 


[F State the operation of four stroke petrol 


engine. 
(See Unit-V, Page 248 2.39 
ompare Otto and Diesel cycles, (See Unit-V, Page 225, 0.27 
(d) Explain the following related to steam engine - l 


(i) Hypothetical indicator diagram 
(ii) Actual indicator diagram. 
(See Unit-V, Page 210, Q.15) 
Or 
Calculate the efficiency of the following ideal cveles when 
| undergone by a perfect gas with a y value of 1-4. 
| (i) A sterling cycle operating between a hot reservoir at 600 K 
| and a cold reservoir at 300 K. 
| (ii) An Otto cycle with a compression ratio of 9. p 
| (iii) A Diesel cycle with a compression ratio of 12 and a cut-off 
ratio of 2. 
(See Unit-V, Page 232, Prob.8) 
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h question part A. B. © ig 


RASTC MH | 


WNS In CAL 
i `] ve gucstion p 
Note: (i) Answe inact has internal choice 
an are to be attempted at one place. 
4 € 
“which part A and B (Max 
si) A] nons carry egual marks. out of w hich part Az (Max. 
(Til? 1} QUCSTIONS Call í 


` marks. part C (Max. 100 words) carry 3 
mi . € 


SQ words) camy . as = 

: S. 

marks. part D (Max. 400 words) carn mark | 

Except numericals. Derivation. Design and Drawing ete. 

a (See Unit-I, Page 5, Q.4) 
bh) WI 1, tae] 9 (See Unit-I, Page 10, Q.14) 
(D} iat IS CarvoONn steci. a E; x 

LACT Explain the Hooke’s law (See Unit-I, Page 31, Q.48) 
fC} EXxXpiain iNe HOOKE aw. i . 

y Explain the various mechanical properties of material. 
va (See Unit-I, Page 28, Q.44) 


compulsorn and 


h 


(ii) A |] parts of each gues 


(IN) 


1. (a What ts cast iron 


Or 
Give a brief classification of engineering materials. 
(See Unit-I, Page 3, Q.2) 
2. (a) What is the use of brittle lacquer method ? (See Unit-II, Page 61, Q.32) 
(b) What is the use of dynanometer ? (See Unit-II, Page 64, Q.37) 
(c) Classify the temperature measurement instruments. 
(See Unit-II, Page 49, Q.13) 
(d) With the help of neat sketch explain the working of micrometer. 
(See Unit-II, Page 69, Q.45) 
Or 
Give a general classification of milling machines. nm 
3, ear Write the Newton’s law of viscosity. (See Unit-III, Page 110, Q.11) 
(b) What do you understand by the term kinetic energy ? 
(See Unit-III, Page 112, Q.15) 
(c) Differentiate compressor with a pump.(See Unit-III, Page 135, Q.44) 
xplain with suitable diagram working of a fluid coupling. 
(See Unit-II, Page 121, Q.25) 
Or 
A pipe of 200 m has a slope of | in 100 and tapers from | m diameter 
at the high end to 0.4 m at the low end. Rate of water flow is 4000 //min. 
If the pressure at the high end is 50 kpa, find the pressure at the low 
end. (See Unit-II1, Page 119, Prob.5) 
4. yaY What is latent heat of vaporization ? (See Unit-IV, Page 188, Q.53) 


Se 
“Now, according to new revised ae of R.GP,V, it is not included in syllabus 
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(h) Wha) i 


(c) Whai i 
(rl) yfe IM at Vy 
nal le 1\ 
How Much h has} ' h is — 
l ę ) uir ! 
the change in it iien i lec t 5 \r D in Y "Wr 
rese 1A ij T t Ta 
re ¢ I kike k | r 7 | 
5 if 
(ìr ’ ") = 
Discuss the Vapour - 
. ompr S 
Sketch ikii 
g Pig 
M (49 at is cle 
: ) What is Clearance volume °? 
) fi i | 
(b) Define Volumetric efficiency of ine ma 
Y Name the dith f mening Pa 
1e a) aj J y ’ | | 
different Parts of a steam engine l 
Xplain the working of fou. - be i 
[or ng of four stroke diesel engine with a... 4 
gine )- gran 
see Lnit-V. Pag 
Or 
A double acting steam engine has a Single cylind 
mm by 900 and de i an © ~ vs Nder of diameter 7n 
mm a evelops 450 kW indicated power at 90 - » 


pressure at the p 
diagram factor i 


oint of cut off is 12 bar, back pressure 


Jar and 
s 0.76 calculate the expansion ratio 


{See L nit. , Py I i? p. 
. “4 s 


BT-2003 (C BGS) 
B.Tech., First Semester 
EXAMINATION, Dee. 2017 
Choice Based Grading System (CBGS) 
BASIC MECHANICAL ENGINEERING 

Note: (i) Attempt any five questions 
(ii) All questions carry equal marks. 
(iii) In case of any doubt or dispute the Eng! 
should be treated as final. 
l. {ay Explain the various mechanical properties of material. 
(See L nit-l, Page 28, Q.44) 
Aby Draw the stress-strain diagram for ductile and brittle material. 
(See Lnit-l, Page 34, Q.54) 
2. (ay Discuss the various types of errors in measurement. . 
(See Unit-H, Page 45, Q.7) 
(b) What is torque ? What are the methods of measuring the torque ? 
(See Unit-ll, Page 64, 0.36) 


ISA Version guestion 
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(23) 


ning 
ical Engineer 
chance lowances. 
Basic Me yattern allowe i i 
lain the different types of | (‘See Unit 
yAn 
3 (a) EN 


: stations t 
ep ` various ope 
pr Write the vi 


machines 


hat can be performed on the lathe 
vat Ci , n the lath 


> tween the dynamic viscosity and kinematic | 
"ffarance betwee 2 , | 
y} What is the difference be ‘s law of viscosity 
* & tv? State Newton's law . | 
viscosity ? State ; : ao | 
wea hayi jameter 300 mm and 200 
b) Water is flowing through a pipe having 7 The intensity of pressure 
D an at the bottom ayd upper end ere y. ressare at the upper enc 
l ond is 24.525N/cm*4 and the pres: 
at the bottom end is 24.5 = in datum head if the rate of 
is 9.81 N/cm°. Determine the difference 1 gi ah. en l 
> P eN m «3 lit./s. (S$ ee J "B “A A p j 
ee spect rare in-Planck and Clausius statements of the 
5. Write and discuss the Kelvin- os ad PE Wlece, 4 ae . 
second law of thermodynamics. (See es ) 
. : ferentiate between o en 
(b) Define the thermodynamic system. Dif p 
system, closed system and an isolated system. 


. or Gf at T 


6. , (a) What is the difference between the boiler mountings and accessories? 
e aa ia cee ae a 


a (b) Ina boiler test 1250 kg of coal is consumed in 24 hours. The mass 


of water evaporated is 13000 kg and the mean effective 


~ 7 bar. The feed water tem 


pressure is 
perature was 40°C, heating valu 


e ofcoalis | 
30000 ki/kg. The enthalpy of 1 kg of steam at 7 bar is 2570.7 kl | 
Determine — 
(1) Equivalent evaporation per kg of coal 
(ii) Efficiency of boiler 
* (See Unit-IV, Pag 12) | 
7. Ler Explain with suitable p-v diagram the working Principle of a steam | 
< engine S t-V. 


8. Write Short note on — 


Reciprocating pump 
(b) Hardness test 


pce cycle. 


p 
fof 


A 


